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Abstract 
Type 2 diabetes mellitus (T2DM), known as non-insulin-independent diabetes, 
is a chronic metabolic disorder which is due to insulin-resistance in the tissues. As 
a result, insulin resistance leads to elevated blood glucose levels, which can 
damage many of the organs. One of the therapeutic approaches for treating T2DM 
is to alleviate postprandial hyperglycemia. This is achieved by suppressing the 
glucose absorption from the gut by inhibiting intestinal carbohydrate digesting 
enzymes such as α-glucosidase. In this study, to isolate new α-glucosidase 
inhibitory compounds efficiently, an HPLC-based activity profiling with 
dereplication was carried out. HPLC-based activity profiling of an extract from 
Terminalia chebula fruits enabled the isolation and identification of thirteen 
compounds including four new ones (3 and 11-13). Among the thirteen compounds, 
compounds 4-13 obtained from the active microfractions exhibited potent 
inhibitory activities against Baker’s yeast α-glucosidase. These results confirm that 
HPLC-based activity profiling is an effective method for isolating new bioactive 
compounds.  
Moreover, to investigate the constituents of T. chebula fruits, further isolation 
was carried out. As a result, fifty-three compounds including thirty-six 
hydrolysable tannins and seventeen polyhydroxytriterpenes were further isolated 
from a methanolic extract of T. chebula fruits. A total of sixty-six compounds, 
including nine new hydrolysable tannins (3, 11-13, 18, 20, 21, 23, and 24) and 
three new polyhydroxytriterpene derivatives (51, 52, and 66), were finally isolated 
and identified.  
The inhibitory activities of all the isolated compounds against Baker’s yeast α-
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glucosidase were tested, and as a result, twenty-four compounds (4-13, 16-18, 22, 
25, 43-49, 60, and 61) exhibited inhibitory activities. Among these compounds, 
compounds 8, 11, and 12 showed significant inhibitory activity (IC50 8.3, 6.4, and 
2.9 μM, respectively). Furthermore, all the compounds were tested for their 
inhibitory activity against rat intestinal α-glucosidase, porcine pancreatic α-
amylase, and PTP-1B. In the case of rat intestinal α-glucosidase and porcine 
pancreatic α-amylase, compound 8 showed the potent inhibitory activity (IC50 17.3 
and 13.4 μM, respectively) which was comparable to the positive control, acarbose. 
In the case of PTP-1B, compounds 8 and 60 exhibitied the most significant 
inhibitory activities (IC50 2.0 and 10.3 μM, respectively) among the hydrolysable 
tannins and polyhydroxytriterpene derivatives, respectively.  
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I. Introduction 
Terminalia chebula Retz. 
Terminalia chebula Retz., which belongs to the family of Combretaceae, is 
widely distributed in India and Southeast Asia and extensively cultivated in Taiwan 
(Cheng et al., 2003). T. chebula is a medium-sized deciduous tree; reaching a 
height of up to 25 m with a broad disk-shaped crown and wide spreading branches 
(Anwesa et al., 2013). T. chebula is an important medicinal herb in traditional 
Indian medicine and it is the most frequently used herb in Ayurveda 
(Rathinamoorthy et al., 2014). In addition, the fruit of T. chebula has been regarded 
as the “King of the medicine” by Tibetans and held in high regard by fork medicine 
practitioners (Klika et al., 2004). The fruit of T. chebula has been commonly used 
in ethnomedicine due to its laxative, diuretic, homeostatic, antitussive, and 
cardiotonic properties (Barthakur and Arnold, 1991). The extracts of T. chebula 
have been found to possess various bioactivities such as antioxidant, 
hepatoprotective, cytoprotective, immunomodulatory, antimicrobial, radiation-
protective, hypolipidemic, and antidiabetic activities (Table 1). The various type of 
secondary metabolites such as the hydrolysable tannins including simple 
gallotannins, ellagitannins, chebulic ellagitannins, ellagic acid derivatives and 
glycosides, phenolic acids, flavonoids, triterpenes, and their glycosides (Figure 1-
3), have been reported from the T. chebula (Fahmy et al., 2015). Especially, T. 
chebula is known to be rich in hydrolysable tannins.  
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Table 1. Pharmacological studies reported in T. chebula 
Therapeutic target In vitro/vivo assay Extracts/Active 
constituents 
Reference 
Anti-ulcerogenic  Aspirin, ethanol, 
cold restraint stress 
induced ulcer 
model 
Methanol extract (Raju, 2009) 
Neuroprotective PC12 cells Methanol and 
aqueous extract 
(Chang and 
Lin, 2012) 
Antiviral HIV-1 integrase Gallic acid and 
gallotannins 
(Ahn et al., 
2002) 
 Herpes simplex 
virus (HSV) 
Aqueous extract (Kurokawa et 
al., 1995) 
 Human 
cytomegalovirus 
(CMV) 
Aqueous extract (Yukawa et 
al., 1996) 
Anticonvulsant Maximal 
electroshock 
induced seizure 
Ethanol extract (Debnath, 
2010) 
Antioxidant HRP-luminol-H2O2 
assay 
Methanol extract (Cheng et al., 
2003) 
Antidiabetic Alloxan-induced 
diabetic rat 
Hydroalcoholic 
extract 
(Sabu and 
Kuttan, 2002) 
Anticaries Glucan-induced 
aggregation of 
Streptococcus 
mutans 
Aqueous extract (Jagtap and 
Karkera, 
1999) 
Hepatoprotective Rifampicin, 
isoniazid induced 
hepatotoxicity 
Hydroalcoholic 
extract 
(Tasduq et 
al., 2006) 
Hypolipidemic Atherogenic diet 
induced 
hyperlipidemic rat 
Hydroalcoholic 
extract 
(Hasani-
Ranjbar et 
al., 2010) 
Immunomodulatory Cytotoxic T 
lymphocyte 
mediated 
cytotoxicity 
Gallic acid, 
chebulagic acid 
(Hamada et 
al., 1997) 
Radioprotective  Irradiation Aqueous extract (Jagetia et al., 
2002) 
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Wound healing Fibroblast, 
collagen synthesis 
Hydroalcoholic 
extract 
(Saha, 2011) 
 
 
Figure 1. Structures of chemical constituents reported in T. chebula 
Gallic acid and gallotannins
R=H: Gallic acid
R=Me: Methyl gallate
R1=R5=Gal, R2=R3=R4=H: 1,6-Di-O-galloyl glucose
R1=R2=H, R3=R4=R5=H: 3,4,6-Tri-O-galloyl glucose
R1=R3=R4=R5=Gal, R2=H: 1,3,4,6-Tetra-O-galloyl glucose
R1=R2=R3=R4=R5=Gal: 1,2,3,4,6-Penta-O-galloyl glucose
Ellagitannins
Chebulic acid
R1= H, R2= Gal: Gemin D
R1=R2= Gal: Tellimagrandin I
Chebulic ellagitannins
R= H: Corilagin
R= Gal: Tercatain
Neochebulic acid
R= H: Chebulanin
R= Gal: Chebulinic acid
Chebulagic acid Neochebulagic acid
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Figure 2. Structures of chemical constituents reported in T. chebula (Continued) 
Ellagic acid and  ellagic acid derivatives
R1=R2=H: Ellagic acid
R1=H, R2=H: 3-O-methyl ellagic acid
R1=R2=Me: 3,3′-Di-O-methyl ellagic acid
Gallagic acid
Flavogallonic acid
Terflavin A
Punicalagin
Punicalin
Ellagic acid glycosides
R1=H, R2=Gal: 4-O-(4′′-O-galloyl-α-L-rhamnosyl)ellagic
acid 
R1=R2=Gal: 4-O-(2′′,4′′-di-O-galloyl-α-L-rhamnosyl) 
ellagic acid
R1=R3=H, R2=Me: 3′-O-Methyl-4-O-(β-ᴅ-xylopyranosyl) 
ellagic acid 
R1=H, R2=Me, R3=Gal: 3′-O-Methyl-4-O-(4′′-O-galloyl-
β-ᴅ-xylopyranosyl)ellagic acid 
R1=R2=Me, R3=Gal: 3,3′-O-Dimethyl-4-O-(4′′-O-galloyl-
β-ᴅ-xylopyranosyl)ellagic acid 
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Figure 3. Structures of chemical constituents reported in T. chebula (Continued) 
 
Hydrolysable tannins of T. chebula species 
Hydrolysable tannins are derivatives of gallic acid. Gallic acid is esterified to a 
core sugar (or polyol), and the galloyl moieties may be additionally esterified and 
oxidatively cross-linked to form more complex hydrolysable tannins (Okuda and 
Ito, 2011). Hydrolysable tannins of the Terminalia species are classified into four 
Simple phenolic acid
R=H: Caffeic acid
R=Me: Ferulic acid
Coumaric acid Vanillic acid
Flavonoids
R1=OH, R2=OH: Quercetin
R1=H, R2=OH: Apigenin
Triterpenes
2α-Hydroxyursolic acid 2α-Hydroxymicromeric acid Maslinic acid
R1=R3=OH, R2=H: Bellericoside
R1=R2=H, R3=OH: Chebuloside I
R1=H, R2=R3=OH: Chebuloside II
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groups called gllotannins, ellagitannins, chebulic ellagitannins, and ellagic acid 
derivatives and glycosides (Pfundstein et al., 2010).  
 
Gallotannins 
Gallotannins, are the simplest hydrolysable tannins and have core structures in 
which a sugar (mostly D-glucose) is esterified with gallic acid at several hydroxyl 
groups. Regarding partial substitution with galloyl moieties the remaining hydroxyl 
groups may either be substituted or unsubstituted with other diverse moieties. For 
instance, the anomeric hydroxyl group of the central sugar of the gallotannins may 
be substituted in an α or β form or unsubstituted in an α, β mixture as an ester or 
acetal (Khanbabaee and van Ree, 2001). The gallotannins 1,2,3,4,6-O-penta-
galloyl-β-D-glucose (PGG), which are key intermediates in the biosynthesis of all 
hydrolysable tannins, are found in many plant families such as Combretaceae, 
Ericaceae, Anacardiaceae, Geraniaceae, and Aceraceae (Haddock et al., 1982; 
Hagenah and Gross, 1993). Gallotannins, in which the central polyol moiety is 
coupled to coumaroyl and cinnamoyl groups, have been rarely reported 
(Kashiwada et al., 1984; Saijo et al., 1989). Most of the gallotannins that are 
substituted with a galloyl group at the anomeric centre of their central glucose unit 
have the β configuration at the anomeric centre. In addition, the conformation of 
the central sugar moiety of gallotannins is 4C1 conformation. 
 
Ellagitannin 
With numerous natural products characterized so far, ellagitannins are by far the 
largest group of hydrolysable tannins (Feldman and Sambandam, 1995). Oxidative 
coupling of at least two galloyl moieties yielding a chiral hexahydroxydiphenic 
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acid (HHDP) unit converts gallotannins to ellagitannins. The chirality of the HHDP 
unit is caused by the bulky o-substituents to the biaryl axis and the atropisomerism 
by inhibiting free rotation around the axis (Khanbabaee and van Ree, 2001). HHDP 
spontaneously lactonizes to ellagic acid in an aqueous solution. Most of the 
ellagitannins with HHDP units are linked via the 2,3-, 2,4-, 3,6-, or 4,6-positions of 
their central glucose unit (Kashiwada et al., 1992b). While the central glucose 
adopts a 4C1 conformation in the case of a 4,6- or 2,3-HHDP linkage, a 2,4- or ,3,6-
HHDP linkage always leads to the thermodynamically less stable 1C4 conformation. 
In some plants, ellagitannins are even more elaborated through the ring opening of 
the central sugar converted into C-glycosidic ellagitannins (Konig et al., 1994). In 
addition to the HHDP group, other acyl units in ellagitannins include HHDP and 
galloyl group metabolites such as dehydrohexahydroxydiphenoyl (DHHDP), 
valoneoyl, gallagyl, and chebuloyl groups.  
  
Chebulic ellagitannin 
T. chebula is known as chebulic myrobalan due to the presence of a chebulic 
acid which is considered as a product of further ring-opening and oxidation of the 
DHHDP unit (Figure 4) (Walia et al., 2013; Yoshida et al., 1980). Chebulic 
ellagitannin refers to an ellagitannin which is bound to a chebuloyl and 
neochebuloyl unit. Typical chebulic ellagitannin such as chebulinic acid, 
chebulagic acid, neochebulagic acid, and neochebulinic acid, have been reported 
from the genus Terminalia (Pfundstein et al., 2010). The absolute configuration of 
chebulic acid was identified as 2S, 3S, 4S (Yoshida et al., 1982). Neocheulic acid 
has the 2S, 3S, 4R, configuration and is rarely found in nature (Ding et al., 2000).  
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Figure 4. The putative biogenetic pathway to chebulic acid 
 
Ellagic acid derivatives and ellagic acid glycosides 
Ellagic acid, the lactonized form of HHDP, and its derivatives have also been 
reported from T. chebula. Gallagic acid is the fully lactonized form of the gallagyl 
unit, which is constructed from the ellagic acid nucleus which is C-C coupled with 
two galloyl units. Punicalin and Punicalagin are typical ellagic acid derivatives 
containing a gallagyl unit (Kashiwada et al., 1992a). Flavogallonic acid is also an 
ellagic acid derivative which is composed of an ellagic acid and a gallic acid unit 
linked together with a C-C bond (Marzouk et al., 2002). As a glycoside of ellagic 
acid, ellagic acid xylosides and their galloyl derivatives have been mainly reported 
from genus Terminalia (Fahmy et al., 2015). The glycosidic linkage of the xyloside 
was identified to be at position C-4 of the ellagic acid. In addition to the xylosides, 
ellagic acid rhamnosides and their galloyl derivatives have been reported from T. 
chebula a few years ago (Pfundstein et al., 2010). 
DHHDP
Chebuloyl
NeochebuloylChebulic acid
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HPLC-based activity profiling 
For thousands of years, medicinal plants have been used as therapeutic agents 
for humans. The bioactive constituents in medicinal plants have also been 
investigated for centuries (Cragg and Newman, 2013). Through these 
investigations, from morphine to taxol, many natural products and their derivatives 
have been developed for clinical use to treat human diseases in almost all 
therapeutic areas and are considered a continuing source of novel drug leads 
(Newman et al., 2000).  
 
Figure 5. Drugs from natural products 
Bioactivity-guided isolation is the classical approach of natural product based 
drug discovery. A bioactive extract is fractionated and purified under the guidance 
of a specific bioassay to isolate biologically active constituents. This approach is a 
time-consuming and costly process (Hostettmann et al., 2005). All fractions from 
each isolation step need to be tested for their bioactivity, and structure elucidation 
of the pure compound is performed at the end of the process. Furthermore, already 
known compounds are often re-isolated. Many approaches to effective isolate 
Salicin
(from Salix spp.)
Morphine
(from Papaver somniferum) Digoxin
(from Digitalis lanata)
Quinine
(from Cinchona spp.)
Pilocarpine
(from Pilocarpus spp.)
Paclitaxel
(from Taxus brevifolia)
Artemisinin
(from Artemisia 
annua)
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bioactive natural products have been developed. 
 
Figure 6. The general concept for bioactivity-guided isolation 
The remarkable improvement in the performance of HPLC columns and the 
availability of HPLC hyphenated techniques have enabled acquisition of much 
structural information on the constituents contained in a bioactive extract of a 
fraction in a short time (Seger et al., 2013). The combination of HPLC hyphenated 
techniques with bioassays have enabled the correlation of structural information of 
discrete peaks with their bioactivity and therefore, tracking bioactive constituents 
in the bioactive extract or fraction. Three different approaches, on-line post-column 
bioassays, at-line settings, and off-line activity profiling, have been developed. 
However, among the above three approaches, the off-line approach, which is 
commonly referred to as HPLC-based activity profiling, is considered the most 
versatile approach with potential for broad applications in drug discovery from 
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natural products (Potterat and Hamburger, 2013). In HPLC-based activity profiling, 
milligram amounts of active extracts or fractions are separated by analytical or 
semi-preparative HPLC. UV spectra and HRMS data are measured and time-based 
fractions are collected in 96 deep-well microplates. Separated fractions are dried by 
a centrifugal evaporator or freeze dryer, re-dissolved in a small amount of an 
appropriate solvent, and tested for their bioactivity. The activity profile of each 
fraction and the chromatogram are matched manually to identify active peaks. In 
addition, structural information such as the UV spectrum and high resolution MS of 
the active peaks help to determine whether the peaks are likely known or new 
through database searches (i.e., dereplication). Furthermore, a straightforward 
peak-based targeted isolation of bioactive constituents can be performed without a 
bioassay for each isolation step (Scheme 1). In this thesis, the same HPLC-based 
activity profiling approach was used for tracking the α-glucosidase inhibitor in T. 
chebula fruits.  
 
Scheme 1. Schematic representation of HPLC-based activity profiling with 
dereplication 
 
Pump
Semi-preparative
column
Sample
DAD
Fraction 
collector
Microfractionation
96 deep well 
microplate
Bioassay
Bioactive 
microfraction
Solvent 
evaporation
Analysis of bioactive 
microfractions by 
UHPLC-QTOF-MS
Dereplication
Known compounds
Dereplicate the known 
compounds
Further isolation and 
identification of 
bioactive compounds
Unknown 
compounds
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α-Glucosidase and its inhibitory agents from natural products 
  Type 2 diabetes mellitus (T2DM), known as non-insulin-independent diabetes, 
is a chronic metabolic disorder due to insulin-resistance in tissues (Matthews et al., 
1985). Insulin resistance results in elevated blood glucose levels which can damage 
many of the organs (Guo, 2014). One of the therapeutic approaches for treating 
T2DM is to alleviate postprandial hyperglycemia. This is done by suppressing 
glucose absorption from the gut by inhibiting the intestinal carbohydrate digesting 
enzymes such as α-glucosidase (EC number 3.2.1.20) (Kim et al., 2000). α-
Glucosidase, which is a membrane-bound enzyme located in the epithelium of the 
small intestine, catalyzes the hydrolytic reaction to liberate glucose from the non-
reducing end of the oligosaccharide (Hirsh et al., 1997). Acarbose is a clinical α-
glucosidase inhibitor which has been used as a first-line treatment for diabetic 
patients with postprandial hyperglycemia (Sivasothy et al., 2016). Acarbose is 
efficient in attenuating the rapid increase in the blood glucose levels of patients; 
however its continuous use may cause side effects such as flatulence and diarrhea 
(Chiasson et al., 2002). Thus, much effort has been given to searching for effective 
and safe α-glucosidase inhibitors from natural materials to develop bioactive 
functional foods to treat T2DM (Table 2).  
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Table 2. Potential natural products for inhibition against α-glucosidase  
Compound Source 
Type of 
compound 
Reference 
3β-acetoxy-16β-
hydroxybetulinic 
acid 
Fagara 
tessmannii 
Triterpene 
(Mbaze et al., 
2007) 
Segetalic acid 
glycosides 
Gypsophila 
oldhamiana 
Triterpene 
saponin 
(Luo et al., 2008) 
(25S)-5α-furastan-
3β,22,26-triol 
Tribulus 
longipetalus 
Steroid 
(Naveed et al., 
2014) 
D-Galactopyranosyl 
harpagoside 
Scrophularia 
ningpoensis 
Iridoid (Hua et al., 2014) 
Deoxynojirimycin 
Lobelia 
sessilifolia 
Aminoglycoside 
(Ikeda et al., 
2000) 
Piperumbellactams 
A 
Piper umbellatum Alkaloid 
(Tabopda et al., 
2008) 
Bisgerayafoline D Murraya koenigii Alkaloid 
(Uvarani et al., 
2014) 
Rhapontigenin Rheum emodi Stilbene 
(Babu et al., 
2004) 
Quercetin 
Matricaria 
recutita 
Flavonoid (Kato et al., 2008) 
Cudratricusxanthone 
F 
Cudrania 
tricuspidata 
Xanthone (Seo et al., 2007) 
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II. Materials and Methods 
1. Materials 
1.1. Plant material 
T. chebula fruits, which were collected from the Yunnan province, China, were 
provided by Chong Kun Dang Pharmaceutical Corp. (Seoul, Republic of Korea). A 
voucher specimen (SUPH-2015-01) has been deposited at the Herbarium in the 
Medicinal Plant Garden, Seoul National University. 
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1.2. Reagents for isolation and purification 
  First grade solvents (Daejung, Si-heung, Republic of Korea) were used for 
extraction, fractionation, and isolation. HPLC-grade solvents were purchased from 
J. T. Baker Chemical Corp. (Center valley, PA, USA). Column chromatography 
(CC) was performed with the Diaion HP-20 (Mitsubishi Chemical Industries Ltd., 
Tokyo, Japan) and Sephadex LH-20 (25-100 μm, GE Healthcare, IL, USA). Thin-
layer chromatography (TLC) was performed the pre-coated normal silica gel 60 
F254 and RP-C18 F-254S (Merck). Methanol-d4 (CD3OD), dimethyl sulfoxide-d6 
(DMSO-d6), acetone-d6, pyridine-d5, and deuterium oxide (D2O) were used as 
NMR solvents (Merck, Darmstadt, Germany). All other reagents were purchased 
from Sigma-Aldrich (MO, USA). 
1.3. Reagents for in vitro enzyme assay 
Baker’s yeast α-glucosidase (Cat. No. G5003), rat intestinal acetone powder (Cat. 
No. I1630), porcine pancreatic α-amylase (Cat. No. A3176), p-nitrophenyl-α-D-
glucopyranoside (pNGP, Cat. No. 71768), potato starch (Cat. No. S2004), iodine 
solution (Cat. No. 15-0630), hydrochloric acid (Cat. No. 320331), p-
nitrophenylphosphate (pNPP, Cat. No. P4744), dithiothreitol (Cat. No. 43819), 
sodium chloride (NaCl, Cat. No. S7653), ethylenediaminetetraacetic acid (EDTA, 
Cat. No. EDS), sodium phosphate monobasic (NaH2PO4, Cat. No. S8282), sodium 
phosphate dibasic (Na2HPO4, Cat. No. S9390), citric acid (Cat. No. C1909), 
sodium citrate dihydrate (Cat. No. C3434), and acarbose (Cat. No. PHR1253) were 
purchased from Sigma-aldrich (St. Louis, Mo. USA). PTP-1B (human recombinant) 
was purchased from Enzo life sciences (Farmingdale, NY, USA) 
1.4. Equipments 
Analytical balance: Mettler Ae 50, Switzerland 
16 
 
Analytical HPLC: Dionex P680 equipped with a Dionex UVD340U detector 
Centrifuge: Effendorff centrifuge 5810, Germany 
Centrifugal evaporator: 
Drying oven: CO-2D-1S, Wooju Sci., Republic of Korea 
Evaporator: EYELA NE, Japan 
Fraction collector: Waters fraction collector III, Waters, UK 
FT-IR: Jasco FT/IR-4200 spectrophotometer, USA 
Freeze-dryer: DURA-DRY, Fts system Inc., USA 
HPLC column: YMC-Triart C18 (4.6×250 mm, 10.0×250 mm, and 20.0×250 mm 
5 μm), YMC Co., Ltd., Japan 
Microplate reader: SpectraMax M5, Molecular Devices, CA, USA 
MPLC: MPLC-Reveleris system, Grace, USA 
MPLC column: Reveleris flash cartridges (C18, 330 g), Grace, USA 
NMR: JEOL LA 300, GSX 400, JEOL, Japan 
Bruker Avance-600, 800, Bruker, Germany 
Polarimeter: Jasco P-2000 polarimeter, Jasco, USA 
Ultrasonicator: Branson 5210, UK 
UV/CD spectrometer: Chirascan-plus spectropolarimeter, Applied Photophysics 
Ltd, UK 
Semipreparative HPLC: Waters Delta Prep 400 system equipped with a Waters 
2489 UV/Vis detector, Waters, UK 
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UHPLC column: Waters Acquity BEH C18 column (1.7 μm, 2.1 × 100 mm), 
Waters, UK 
UHPLC-QTOF-MS: Waters Xevo G2 qTOF mass spectrometer with Acquity 
UPLC system, Waters, UK 
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2. Methods 
2.1. Extraction and fractionation of T. chebula 
Air-dried T. chebula fruits (1.8 kg) were macerated with MeOH (8 L × 2) at 
room temperature (12 h × 2). The total extract (652 g) which was evaporated in 
vacuo was diluted with distilled water (4 L) and successively fractionated into n-
hexane fraction (3 g), CHCl3 fraction (4 g) and n-BuOH fraction (350 g), 
respectively. The n-BuOH fraction was subjected to HP-20 resin (1.6 kg) column 
chromatography eluting with a gradient of MeOH:H2O (25:75, 50:50, 75:25, 100:0, 
each 8 L) to give four sub-fractions (B1–B4).  
 
Scheme 2. Extraction and fractionation of T. chebula fruits 
 
Scheme 3. Further fractionation of n-BuOH fraction of T. chebula fruits 
Terminalia chebula (1.8 kg) 
Maceration at room temperature with 100% MeOH
Evaporation in vacuo
Methanol extract (652 g)
Fractionated with CHCl3n-Hexane Fr. (3 g)
CHCl3 Fr. (4 g)
Aqueous residuen-BuOH Fr. (350 g)
Suspended in distilled water
Fractionated with n-hexane
Fractionated with n-BuOH
n-BuOH Fr. (350 g)
Suspended in 25% MeOH
HP-20 diaion CC
Eluting with a gradient of MeOH:Water (25:75, 50:50, 75:25, and 100:0)
B1 fr.
(MeOH 25%)
75 g
B2 fr.
(MeOH 50%)
250 g
B3 fr.
(MeOH 75%)
20 g
B4 fr.
(MeOH 100%)
5 g
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2.2. HPLC-based activity profiling of T. chebula 
HPLC-based activity profiling was performed by microfractionation with a 
semipreparative YMC-Triart C18 column (10×250 mm, 5 μm). The solvent system 
used a mixture of aqueous 0.1% formic acid (A) and MeCN (B), and the following 
gradient was applied: 16% to 25% B in 30 min (B2 fraction) and 17% to 47% B in 
30 min (B3 fraction). The flow rate was 3.4 mL/min and the column termperature 
was maintained at 30℃. The subfraction B2 and B3 were dissolved in MeOH (10 
mg/ml) and the injection volume was 50 μL (0.5 mg of extract was injected). The 
UV absorbance was measured at 280 nm. The microfractions were collected every 
0.5 min from 8 min to 30 min in a 96 deep-well plate (1.7 mL per well) by fraction 
collector. After collection, the plate was dried by centrifugal evaporator. The 
contents of plate were dissolved in 150 μL of 50 mM PBS buffer (pH 7.0) and used 
for the determination of the Baker’s yeast α-glucosidase inhibition.  
The measurement of the Baker’s yeast α-glucosidase inhibitory activity was 
performed as described by Jabeen et al. with some modification (Jabeen et al., 
2013). Briefly, 50 μL of 180 mU/mL α-glucosidase in PBS buffer and 100 μL of 
the each microfractions in PBS buffer were mixed and incubated at 36°C for 10 
min in 96-well plate. Then, 50 μL of 1.2 mM p-nitrophenyl-α-D-glucopyranose 
(pNGP) was added to initiate the reaction. The reaction mixture was incubated at 
36°C and monitored using a microplate reader at a wavelength of 405 nm, which 
indicated the formation of p-nitrophenol. Absorbance of mixture was measured 
every 2.5 minute up to 5 minute. The reaction mixture with the test solution 
replaced by equivalent PBS buffer was used as control, and acarbose was used as a 
positive control. Inhibition of α-glucosidase was calculated as following equation: % 
inhibition = [1-(rate of sample reaction/rate of control reaction)]×100. All the 
samples were performed in triplicate. 
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Dereplication of each active microfractions was performed by using a UHPLC-
QTOF-MS. The mobile phases were aqueous 0.1% formic acid (A) and 100% 
MeCN (B), with the following gradient: 3-20% B (0-14 min), 20-90% B (14-20 
min), 100% B (20-23 min), and 3% B (23-26 min). The flow rate was set at 300 
μL/min. The ESI conditions were set as follows: negative (-) ion mode; capillary 
voltage, 2.5 kV; cone voltage, 40 V; source temperature, 120℃; desolvation 
temperature, 350℃; cone gas flow, 50 L/h; and desolvation gas flow, 600 L/h. The 
energy for collision-induced dissociation (CID) was set to 3 V for the precursor ion, 
and the MS fragment information obtained using a collision energy ramp from 20 
eV to 40 eV in MSe mode (Plumb et al., 2006). To ensure the mass accuracy of the 
MS acquisition, leucine encephalin (Tyr-Gly-Gly-Phe-Leu, m/z 554.2615 in 
negative mode) was used as the lock mass at a concentration of 200 ng/mL and a 
flow rate of 3 μL/min. Calibration of the MS system in the range from m/z 100 to 
1500 was performed using a sodium formate solution (5 μM/mL). Molecular 
formula which was derived from high resolution MS data, UV spectrum, and MS 
fragment of each active microfractions were used for a narrowed search in 
Chemical Abstracts Service (CAS) Registry via SciFinder database. 
 
 
2.3. Targeted Isolation of Baker’s yeast α-glucosidase inhibitory 
compounds from B2 and B3 fraction of T. chebula 
B2 fraction (50 g) was subjected to MPLC eluted with a MeCN/H2O with 0.1% 
formic acid gradient (5:95 to 30:70) to yield 6 subfractions (B2a-B2f). Fraction 
B2b was recrystallized using water to afford 1 (800 mg). Fraction B2d was 
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separated by semi-preparative HPLC, eluted with a MeCN/ H2O with 0.1% formic 
acid (8:92 to 15:85) to yield 2 subfractions (B2d1 and B2d2). Compound 2 (70 mg) 
and 3 (64 mg) were obtained from B2d1 and B2d2 through semi-preparative HPLC 
(MeCN/H2O with 0.1% formic acid 9:91 and 11:89), respectively. Fraction B2e 
was separated on Sephadex LH-20 column (MeOH-H2O 5:5 to acetone-H2O 8:2) 
and purified by semi-preparative HPLC (MeCN/H2O with 0.1% formic acid 10:90 
to 15:85) to give compound 4 (37 mg). Fraction B2f was subjected to MPLC eluted 
with a MeCN/H2O with 0.1% formic acid gradient (5:95 to 15:85) to yield seven 
subfractions (B2f1-B2f7). Fraction B2f3 was separated on semi-preparative HPLC 
column (MeOH/H2O with 0.1% formic acid 28:72) to afford compound 5 (12 mg) 
and 6 (9 mg). Fraction B2f6 was recrystallized using water to afford compound 7 
(1.0 g) and its filtrate yielded compound 8 (40 mg) after separation on semi-
preparative HPLC column (MeCN/H2O with 0.1% formic acid 13:87). B3 fraction 
was subjected to MPLC eluted with a MeOH/H2O with 0.1% formic acid gradient 
(20:80 to 50:50) to yield seven subfractions (B3a-B3g). Fraction B3e was separated 
on Sephadex LH-20 column (MeOH-H2O 5:5 to acetone-H2O 8:2) to yield three 
subfractions (B3e1-B3e3). Fraction B3e2 was purified by semi-preparative HPLC 
(MeCN/H2O with 0.1% formic acid 29:71) to give compound 12 (9 mg) and 13 (25 
mg). Fraction B3f was separated on Sephadex LH-20 column (MeOH-H2O 5:5 to 
acetone-H2O 8:2) to yield five subfractions (B3f1-B3f5). Compound 9 (65 mg) was 
obtained from fraction B3f3 through semi-preparative HPLC (MeCN/H2O with 0.1% 
formic acid 27:73). Compound 10 (13 mg) and 11 (9 mg) were obtained from 
fraction B3f4 through semi-preparative HPLC (MeOH/H2O with 0.1% formic acid 
40:60) 
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Scheme 4. Targeted isolation of compounds from T. chebula fruits 
 
1,3,6-Tri-O-galloyl-β-D-glucose (1)  
White amorphous powder  
C27H24O18  
[α]D
20= 30.1 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 218 (4.9), 278 (4.5) nm  
IR νmax: 3388, 1700, 1616, 1537, 1454, 1342, 1213 cm-1  
HRMS (ESI-QTOF) m/z: 635.0892 [M – H]- (calcd for C27H24O18, 635.0884) 
1H (300 MHz, CD3OD) NMR: δ 7.16 (2H, s, Gal-H-2′′, 6′′), 7.13 (2H, s, Gal-H-2′, 
6′), 7.09 (2H, s, Gal-H-2′′′, 6′′′), 5.83 (1H, d, J = 8.2 Hz, H-1), 5.27 (1H, t, J = 9.3 
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Hz, H-3), 4.58 (1H, dd, J = 1.6 12.1 Hz, H-6a), 4.45 (1H, dd, J = 4.6, 12.1 Hz, H-
6b), 3.88 (1H, m, H-5), 3.78 (1H, dd, J = 5.5, 9.5 H-4) 3.77 (1H, dd, J = 4.5, 9.5 Hz, 
H-2) 
13C (75 MHz, CD3OD) NMR: δ 168.1, 168.0, 166.7 (Gal-C-7′, C-7′′, C-7′′′), 146.5, 
146.4, 146.4 (Gal-C-3′, 5′, C-3′′, 5′′, C-3′′′, 5′′′), 140.4, 139.8, 139.7 (Gal-C-4′, C-
4′′, C-4′′′), 121.5, 121.2, 120.4 (Gal-C-1′, C-1′′, C-1′′′), 110.5, 110.3, 110.1 (Gal-C-
2′, 6′, C-2′′, 6′′, C-2′′′, 6′′′), 95.8 (C-1), 78.9 (C-3), 76.4 (C-5), 72.6 (C-2), 69.7 (C-
4), 64.2 (C-6) 
 
Chebulagic acid (2)  
Yellowish amorphous powder  
C41H30O27 
[α]D
20= -37.4 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 218 (4.9), 278 (4.5) nm  
IR νmax: 3485, 1711, 1617, 1513, 1457, 1340, 1211 cm-1  
HRMS (ESI-QTOF) m/z: 953.0865 [M – H]- (calcd for C41H29O27, 953.0896) 
1H (400 MHz, CD3OD) NMR: δ 7.48 (1H, s, Cheb-H-2′′), 7.07 (2H, s, Gal-H-2′, 6′), 
6.84 (1H, s, HHDP-H-5′), 6.63 (1H, s, HHDP-H-5′′), 6.51 (1H, s, H-1), 5.83 (1H, s, 
H-3), 5.39 (1H, s, H-2), 5.23 (1H, d, J = 3.6 Hz, H-4), 5.05 (1H, dd, J = 1.2, 7.3 Hz, 
Cheb-H-3′), 4.90 (1H, m, H-6a), 4.82 (1H, m, H-5), 4.80 (1H, m, Cheb-H-2′), 4.37 
(1H, dd, J = 7.6, 10.4 Hz, H-6b), 3.80 (1H, ddd, J = 1.1, 3.6, 11.7 Hz, Cheb-H-4′), 
2.14 (2H, m, Cheb-H-5′) 
13C (100 MHz, CD3OD) NMR: δ 175.0 (Cheb-C-6′), 174.4 (Cheb-C-7′), 170.7 
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(Cheb-C-1′), 170.1 (HHDP-C-7′′), 167.5 (HHDP-C-7′), 166.4 (Gal-H-7′), 166.2 
(Cheb-C-7′′), 147.4 (Cheb-C-3′′), 146.5 (Gal-C-3′, 5′), 146.1 (HHDP-C-4′′), 145.6 
(HHDP-C-4′), 145.5 (HHDP-C-2′), 145.3 (HHDP-C-2′′), 141.4 (Cheb-C-5′′), 140.8 
(Gal-C-4′), 140.4 (Cheb-C-4′′), 138.6 (HHDP-C-3′), 137.5 (HHDP-C-3′′), 125.6 
(HHDP-C-6′′), 124.5 (HHDP-C-6′), 120.1 (Gal-C-1′), 119.0 (Cheb-C-1′′), 117.6 
(Cheb-C-2′′), 117.6 (HHDP-C-1′) 116.2 (HHDP-C-1′′), 116.0 (Cheb-C-6′′), 110.9 
(Gal-C-2′, 6′), 110.4 (HHDP-C-5′), 108.2 (HHDP-C-5′′), 92.5 (C-1), 74.2 (C-5), 
71.1 (C-2), 67.0 (Cheb-C-2′), 66.8 (C-4) , 64.7 (C-6), 62.4 (C-3), 41.7 (Cheb-C-3′), 
40.0 (Cheb-C-4′), 30.5(Cheb-C-5′) 
 
6′-O-Methyl neochebulagate (3) 
Tan amorphous powder  
C42H34O28  
[α]D
20= -52.4 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 221 (4.9), 279 (4.5) nm  
CD (MeOH): 214 (Δε -4.77), 235 (Δε 5.07), 261 (Δε -0.26), 291 (Δε 1.93) 
IR νmax: 3387, 2948, 1725, 1516, 1365, 1203, 1024, 677 cm-1  
HRMS (ESI-QTOF) m/z: 985.1151 [M – H]- (calcd for C42H33O28 985.1158) 
1H (600 MHz, acetone-d6:D2O = 9:1) NMR: 7.10 (2H, s, Gal-H-2′, 6′), 6.83 (1H, s, 
HHDP-H-5′), 6.70 (1H, s, HHDP-H-5′′), 6.16 (1H, d, J = 4.0 Hz, H-1), 5.67 (1H, d, 
J = 3.3 Hz, H-4), 5.42 (1H, d, J = 0.7 Hz, Neocheb-H-2′), 4.90 (1H, d, J = 3.1 Hz, 
H-3), 4.59 (1H, m, H-6a), 4.56 (1H, m, H-5), 4.29 (1H, dd, J = 6.9, 10.5 Hz, H-6b), 
4.20 (1H, br d, J = 4.0 Hz, H-2), 3.98 (1H, d, J = 9.1 Hz, Neocheb-H-3′), 3.52 (3H, 
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s, OMe), 3.27 (1H, td, J = 9.1, 5.1 Hz, Neocheb-H-4′), 2.83 (1H, dd, J = 9.0, 17.3 
Hz, Neocheb-H-5′a), 2.51 (1H, dd, J = 5.1, 17.3 Hz, Neocheb-H-5′b) 
13C (150 MHz, acetone-d6:D2O = 9:1) NMR: 172.8 (Neocheb-C-6′), 172.6 
(Neocheb-C-7′), 171.5 (Neocheb-C-1′), 168.8 (HHDP-C-7′′), 167.1 (HHDP-C-7′), 
165.8 (Gal-C-7′), 164.9 (Neocheb-C-7′′), 146.1 (Neocheb-C-3′′), 145.9 (Gal-C-3′, 
5′), 145.2 (HHDP-C-4′′), 144.8 (HHDP-C-4′), 144.8 (HHDP-C-2′), 144.8 (HHDP-
C-2′′), 143.3 (Neocheb-C-5′′), 139.6 (Gal-C-4′), 139.3 (Neocheb-C-4′′), 137.0 
(HHDP-C-3′), 136.4 (HHDP-C-3′′), 125.1 (HHDP-C-6′′), 125.0 (HHDP-C-6′), 
120.2 (Gal-C-1′), 116.8 (Neocheb-C-6′′), 116.5 (HHDP-C-1′), 116.4 (Neocheb-C-
1′′), 115.5 (HHDP-C-1′′), 110.3 (Gal-C-2′, 6′), 109.7 (HHDP-C-5′), 108.9 
(Neocheb-C-2′′), 108.2 (HHDP-C-5′′), 94.7 (C-1), 78.1 (Neocheb-C-2′), 74.2 (C-5), 
71.8 (C-3), 69.9 (C-2), 65.1 (C-4), 64.5 (C-6), 52.2 (OMe), 44.1 (Neocheb-C-4′), 
36.0 (Neocheb-C-3′), 34.2 (Neocheb-C-5′)  
 
1′-O-Methyl neochebulinate (4)  
Yellowish amorphous powder  
C42H36O28  
[α]D
20= 18.1 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 219 (5.0), 281 (4.6) nm  
IR νmax: 3390, 1710, 1617, 1536, 1456, 1342, 1209 cm-1  
HRMS (ESI-QTOF) m/z: 987.1348 [M – H]- (calcd for C42H35O28 987.1315) 
1H (600 MHz, acetone-d6:D2O = 9:1) NMR: δ 7.16 (2H, s, Gal-H-2′, 6′) 7.15 (2H, s, 
Gal-H-2′′, 6′′), 7.15 (2H, s, Gal-H-2′′′, 6′′′), 7.05 (1H, s, Neocheb-H-2′′), 6.02 (1H, 
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d, J = 8.4 Hz), 5.66 (1H, t, J = 9.5 Hz, H-3), 5.53 (1H, t, J = 9.7 Hz, H-4), 4.80 (1H, 
d, J = 1.2 Hz, Neocheb-H-2′), 4.62 (1H, br d, J = 12.4 Hz, H-6a), 4.41 (1H, dd, J = 
4.4, 12.5 Hz, H-6b), 4.34 (1H, ddd, J = 2.0, 4.4, 10.2 Hz, H-5), 3.99 (1H, m, H-2), 
3.73 (1H, dd, J = 1.6, 11.2 Hz, Neocheb-3′), 3.28 (3H, s, OMe), 3.15 (1H, ddd, J = 
4.3, 9.9, 11.2 Hz, Neocheb-H-4′′), 2.86 (1H, dd, J = 10.0, 17.7 Hz, Neocheb-5′a), 
2.37 (1H, dd, J = 4.3, 17.7 Hz, Neocheb-5′b) 
13C (150 MHz, acetone-d6:D2O = 9:1) NMR: δ 174.0 (Neocheb-C-7′), 173.2 
(Neocheb-C-6′), 169.7 (Neocheb-C-1′), 166.5 (Gal-C-7′′′), 166.3 (Gal-C-7′′), 165.4 
(Gal-C-7′), 163.7 (Neocheb-C-7′′), 146.1 (Gal-C-7′′′), 146.1 (Gal-C-3′′, 5′′) 146.0 
(Gal-C-3′, 5′), 146.0 (Neocheb-C-3′′), 143.5 (Neocheb-C-5′′), 139.6 (Gal-C-4′), 
139.1 (Gal-4′′), 139.1 (Neocheb-C-4′′), 138.9 (Gal-4′′′), 121.7 (Gal-C-1′′′), 121.1 
(Gal-C-1′′), 120.5 (Gal-C-1′), 116.7 (Neocheb-C-1′′), 110.4 (Gal-C-2′′′, 6′′′), 110.4 
(Gal-C-2′′, 6′′) 110.1 (Gal-C-2′, 6′), 109.3 (Neocheb-C-2′′), 95.2 (C-1), 77.4 
(Neocheb-C-2′), 75.9 (C-3), 73.5 (C-5), 72.7 (C-2), 70.0 (C-4), 62.8 (C-6), 52.8 
(OMe), 45.1 (Neocheb-C-4′) , 36.6 (Neocheb-C-3′), 34.7 (Neocheb-C-5′) 
 
1,2,3,6-Tetra-O-galloyl-β-D-glucose (5)  
White amorphous powder  
C34H28O22  
[α]D
20= 19.4 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 218 (4.9), 280 (4.5) nm  
IR νmax: 3363, 1701, 1617, 1537, 1456, 1343, 1210 cm-1  
HRMS (ESI-QTOF) m/z: 787.1005 [M – H]- (calcd for C34H27O22, 787.0994) 
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1H (400 MHz, acetone-d6) NMR: δ 7.15, 7.07, 7.05, 6.97 (each 2H, s, Gal-H-2′, 6′, 
Gal-H-2′′, 6′′, Gal-H-2′′′, 6′′′, Gal-H-2′′′′, 6′′′′), 6.16 (1H, d, J = 8.4 Hz, H-1), 5.66 
(1H, t, J = 9.9 Hz, H-3), 5.45 (1H, dd, J = 8.4 9.9 Hz, H-2), 4.56 (2H, m, H-6), 4.12 
(1H, m, H-5), 4.11 (1H, m, H-4) 
13C (100 MHz, acetone-d6) NMR: δ 166.6, 166.1, 165.7, 165.0 (Gal-C-7′, Gal-C-7′′, 
Gal-C-7′′′, Gal-C-7′′′′), 146.1, 146.0, 145.9 (2C) (Gal-C-3′, 5′, Gal-C-3′′, 5′′, Gal-C-
3′′′, 5′′′, Gal-C-3′′′′, 5′′′′), 139.6, 139.10, 138.9, 138.9 (Gal-C-4′, Gal-C-4′′, Gal-C-
4′′′, Gal-C-4′′′′) 121.6, 121.3, 120.7, 120.1 (Gal-C-1′, Gal-C-1′′, Gal-C-1′′′, Gal-C-
1′′′′), 110.3, 110.1, 110.1, 110.0 (Gal-C-2′, 6′, Gal-C-2′′, 6′′, Gal-C-2′′′, 6′′′, Gal-C-
2′′′′, 6′′′′), 93.5 (C-1), 76.0 (C-5), 75.8 (C-2), 71.7 (C-3), 69.3 (C-4), 63.6 (C-6) 
 
1,3,4,6-Tetra-O-galloyl-β-D-glucose (6)  
White amorphous powder  
C34H28O22  
[α]D
20= 19.8 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 218 (4.9), 280 (4.6) nm  
IR νmax: 3373, 1701, 1617, 1537, 1456, 1344, 1212 cm-1  
HRMS (ESI-QTOF) m/z: 787.1002 [M – H]- (calcd for C34H27O22, 787.0994) 
1H (400 MHz, acetone-d6) NMR: δ 7.20, 7.15, 7.06, 7.04 (each 2H, s, Gal-H-2′, 6′, 
Gal-H-2′′, 6′′, Gal-H-2′′′, 6′′′, Gal-H-2′′′′, 6′′′′), 6.04 (1H, d, J = 8.4 Hz, H-1), 5.69 
(1H, t, J = 9.5 Hz, H-3), 5.49 (1H, t, J = 9.7 Hz, H-4), 4.48 (1H, br d, J = 11.1 Hz, 
H-6a), 4.37 (1H, m, H-5), 4.33 (1H, m, H-6b), 4.04 (1H, t, J = 8.8 Hz, H-2) 
13C (100 MHz, acetone-d6) NMR: δ 166.4, 166.1, 165.7, 165.2 (Gal-C-7′, Gal-C-7′′, 
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Gal-C-7′′′, Gal-C-7′′′′), 146.1, 145.9, 145.9, 145.8 (Gal-C-3′, 5′, Gal-C-3′′, 5′′, Gal-
C-3′′′, 5′′′, Gal-C-3′′′′, 5′′′′), 139.5, 139.2, 138.9, 138.8 (Gal-C-4′, Gal-C-4′′, Gal-C-
4′′′, Gal-C-4′′′′) 121.5, 121.4, 120.7, 120.6 (Gal-C-1′, Gal-C-1′′, Gal-C-1′′′, Gal-C-
1′′′′), 110.4, 110.2, 110.1 (2C) (Gal-C-2′, 6′, Gal-C-2′′, 6′′, Gal-C-2′′′, 6′′′, Gal-C-
2′′′′, 6′′′′), 95.4 (C-1), 75.7 (C-5), 73.8 (C-2), 71.7 (C-3), 69.3 (C-4), 63.6 (C-6) 
 
Chebulinic acid (7)  
White amorphous powder  
C41H32O27  
[α]D
20= 40.9 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 218 (4.9), 280 (4.0) nm  
IR νmax: 3473, 1701, 1513, 1341 cm-1  
HRMS (ESI-QTOF) m/z: 955.1057 [M – H]- (calcd for C41H31O27, 955.1053) 
1H (400 MHz, CD3OD) NMR: δ 7.51 (1H, s, Cheb-H-2′′), 7.17 (2H, s, Gal-H-2′′, 
6′′), 7.10 (2H, s, Gal-H-2′, 6′), 6.98 (2H, s, Gal-2′′′, 6′′′), 6.49 (1H, d, J = 2.8 Hz, H-
1), 6.24 (1H, br s, H-3), 5.43 (1H, d, J = 1.2 Hz, H-2), 5.09 (1H, dd, J = 1.4, 7.2 Hz, 
Cheb-H-3′′), 5.04 (1H, d, J = 3.4 Hz, H-4), 4.82 (1H, m, Cheb-H-2′), 4.81 (1H, m, 
H-6a), 4.72 (1H, m, H-5) 4.62 (1H, dd, J = 6.3 10.6 Hz, H-6b), 3.87 (1H, ddd, J = 
0.9, 4.7, 10.5 Hz, Cheb-H-4′), 2.24 (2H, m, Cheb-H-5′) 
13C (100 MHz, CD3OD) NMR: δ 175.1 (Cheb-C-6′), 174.6 (Cheb-C-7′), 170.7 
(Cheb-C-1′), 167.9 (Gal-C-7′′′), 166.3 (Gal-C-7′), 166.1 (Gal-C-7′′), 166.1 (Cheb-
C-7′′), 147.4 (Cheb-C-3′′), 146.7 (Gal-C-3′′, 5′′), 146.6 (Gal-C-3′, 5′), 146.4 (Gal-
C-3′′′, 5′′′), 141.5 (Cheb-C-5′′), 140.8 (Gal-C-4′′), 140.8 (Gal-C-4′), 140.5 (Cheb-
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C-4′′), 140.1 (Gal-C-4′′′), 120.7 (Gal-C-1′′′), 120.0 (Gal-C-1′), 119.8 (Gal-C-1′′), 
119.1 (Cheb-C-1′′), 117.6 (Cheb-C-2′′), 116.2 (Cheb-C-6′′), 110.7 (Gal-C-2′′, 6′′), 
110.7 (Gal-C-2′, 6′), 110.2 (Gal-C-2′′′, 6′′′), 92.9 (C-1), 76.2 (C-5), 71.9 (C-2), 69.5 
(C-4), 67.1 (Cheb-C-2′), 65.2 (C-6), 62.9 (C-3), 41.8 (Cheb-C-3′), 40.2 (Cheb-C-4′), 
30.8 (Cheb-C-5′) 
 
1,2,3,4,6-Penta-O-galloyl-β-D-glucose (8)  
White amorphous powder  
C41H32O26  
[α]D
20= 13.3 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 217 (4.9), 281 (4.7) nm  
IR νmax: 3373, 1699, 1513, 1457, 1341, 1209 cm-1  
HRMS (ESI-QTOF) m/z: 939.1119 [M – H]- (calcd for C41H31O26, 939.1104) 
1H (400 MHz, DMSO-d6) NMR: δ 6.97 (2H, s, Gal-H-2′′′′, 6′′′′), 6.91 (2H, s, Gal-
H-2′′′, 6′′′), 6.84 (2H, s, Gal-H-2′′, 6′′), 6.81 (2H, s, Gal-H-2′′′′′, 6′′′′′), 6.76 (2H, s, 
Gal-H-2′, 6′), 6.37 (1H, d, J = 8.2 Hz, H-1), 5.95 (1H, t, J = 9.6 Hz, H-3), 5.43 (2H, 
m, H-2, 4), 4.59 (1H, d, J = 9.8 Hz, H-5), 4.30 (2H, br s, H-6) 
13C (100 MHz, DMSO-d6) NMR: δ 165.40 (Gal-C-7′′′′′), 164.79 (Gal-C-7′′′), 
164.57 (Gal-C-7′′′′), 164.44 (Gal-C-7′′), 163.91 (Gal-C-7′), 145.66 (Gal-C-3′′′′, 
5′′′′), 145.54 (Gal-C-3′′′, 5′′′), 145.48 (Gal-C-3′′, 5′′), 145.44 (Gal-C-3′′′′′, 5′′′′′), 
145.36 (Gal-C-3′, 5′), 139.61 (Gal-C-4′′′′), 139.11 (Gal-C-4′′′), 139.09 (Gal-C-4′′), 
138.88 (Gal-C-4′′′′′), 138.74 (Gal-C-4′), 118.87 (Gal-C-1′′′′), 118.08 (Gal-C-1′′′), 
118.05 (Gal-C-1′′), 117.91 (Gal-C-1′′′′′), 117.34 (Gal-C-1′), 109.00 (Gal-C-2′′′′, 
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6′′′′), 108.87 (Gal-C-2′′′, 6′′′), 108.77 (Gal-C-2′′, 6′′), 108.72 (2C) (Gal-C-2′, 6′, 
Gal-C-2′′′′′, 6′′′′′), 91.66 (C-1), 72.11 (C-5), 71.90 (C-3), 70.55 (C-2), 67.73 (C-4), 
61.44 (C-6) 
 
4-O-(4′′-O-galloyl-α-L-rhamnosyl)ellagic acid (9)  
Brown amorphous powder  
C27H20O16  
[α]D
20= -149.0 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 219 (4.7) 258 (4.8), 356 (4.1) nm  
IR νmax: 3396, 1711, 1613, 1500, 1451, 1341, 1231 cm-1  
HRMS (ESI-QTOF) m/z: 599.0684 [M – H]- (calcd for C27H19O16, 599.0673) 
1H (400 MHz, CD3OD) NMR: See Table 3 
13C (100 MHz, CD3OD) NMR: See Table 3 
 
4-O-(3′′,4′′-Di-O-galloyl-α-L-rhamnosyl)ellagic acid (10)  
Brown amorphous powder  
C34H24O20  
[α]D
20= -60.5 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 217 (4.7) 256 (4.7), 358 (4.0) nm  
IR νmax: 3389, 1702, 1615, 1453, 1342, 1219 cm-1  
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HRMS (ESI-QTOF) m/z: 751.0787 [M – H]- (calcd for C34H23O20, 751.0783) 
1H (400 MHz, CD3OD) NMR: See Table 3 
13C (100 MHz, CD3OD) NMR: See Table 3 
 
4-O-(2′′,4′′-Di-O-galloyl-α-L-rhamnosyl)ellagic acid (11)  
Brown amorphous powder 
C34H24O20  
[α]D
20= -37.4 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 219 (4.6) 258 (4.5), 356 (3.9) nm  
IR νmax: 3364, 1708, 1615, 1448, 1347, 1213, 1028 cm-1  
HRMS (ESI-QTOF) m/z: 751.0786 [M – H]- (calcd for C34H23O20, 751.0783) 
1H (600 MHz, CD3OD) NMR: See Table 3 
13C (150 MHz, CD3OD) NMR: See Table 3 
 
1,2,3,6-Tetra-O-galloyl-4-O-cinnamoyl-β-D-glucose (12)  
Brown amorphous powder  
C43H34O23  
[α]D
20= 28.4 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 218 (4.9), 281 (4.7) nm  
IR νmax: 3411, 1708, 1617, 1532, 1455, 1321, 1208, 1031 cm-1  
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HRMS (ESI-QTOF) m/z: 917.1425 [M – H]- (calcd for C43H33O23, 917.1413) 
1H (600 MHz, acetone-d6:D2O = 9:1) NMR: See Table 4 
13C (150 MHz, acetone-d6:D2O = 9:1) NMR: See Table 4 
 
1,2,3-Tri-O-galloyl-6-O-cinnamoyl-β-D-glucose (13)  
Brown amorphous powder  
C36H30O19  
[α]D
20= 52.4 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 217 (4.9), 280 (4.7) nm  
IR νmax: 3412, 1707, 1617, 1532, 1455, 1321, 1205, 1031 cm-1  
HRMS (ESI-QTOF) m/z: 765.1323 [M – H]- (calcd for C36H29O19, 765.1303) 
1H (800 MHz, acetone-d6:D2O = 9:1) NMR: See Table 4 
13C (200 MHz, acetone-d6:D2O = 9:1) NMR: See Table 4 
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Table 3. 1H and 13C NMR data for compounds 9-11 
Position 
9a 10a 11b 
δH δC δH δC δH δC 
α-L-Rhamnose       
1′′ 5.65, s 101.6 5.70, s 101.7 5.76, s 99.0 
2′′ 4.29, br s 71.9 4.58, br s 69.7 5.65, br s 73.7 
3′′ 4.30, m 70.3 5.66, m 73.6 4.61, d (8.3) 68.9 
4′′ 5.25, t (9.5) 75.3 5.60, m 72.2 5.37, t (9.8) 75.4 
5′′ 4.04, dq (12.4, 6.1) 69.4 4.25, m 69.4 4.19, m 69.5 
6′′ 1.19, d (6.2) 18.0 1.29, d (6.1) 18.0 1.26, d (6.1) 18.1 
Ellagic acid       
1  116.3  116.2  116.6 
2  137.9  137.7  138.0 
3  142.9  143.0  143.5 
4  147.7  147.6  147.6 
5 7.89, s 113.6 7.87, s 113.6 7.92, s 113.9 
6  109.2  108.9  108.9 
7  161.1  161.0  161.2 
1′  113.3  113.1  113.3 
2′  138.0  137.7  138.0 
3′  141.0  141.1  141.2 
4′  150.1  150.1  150.2 
5′ 7.51, s 111.9 7.44, s 111.9 7.52, s 111.8 
6′  110.0  109.7  109.9 
7′  161.0 
 
160.9 
 
161.1 
 4′′-O-Galloyl 3′′-O-Galloyl 2′′-O-Galloyl 
1′′′  121.4  120.8  120.9 
2′′′, 6′′′ 7.10, s 110.3 7.08, s 110.5 7.21, s 110.5 
3′′′, 5′′′  146.5  146.4  146.5 
4′′′  139.9  140.2  140.2 
7′′′  168.1  168.2  167.7 
  4′′-O-Galloyl 4′′-O-Galloyl 
1′′′′    120.8  121.2 
2′′′′, 6′′′′   7.02, s 110.2 7.12, s 110.3 
3′′′′, 5′′′′    146.4  146.5 
4′′′′    140.1  140.0 
7′′′′    167.7  168.0 
1H NMR data were measured at a400 and b600 MHz in CD3OD, respectively. 13C 
NMR data were measured at a100 and b150 MHz in CD3OD, respectively. 
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Table 4. 1H and 13C NMR data for compounds 12-13 
Position 
12a 13b 
δH δC δH δC 
β-D-Glucose     
1 6.25, d (8.3) 93.3 6.18, d (8.2) 93.4 
2 5.60, dd (8.3, 9.7) 71.7 5.47, dd (8.2, 9.6) 71.8 
3 5.94, t (9.7) 73.3 5.66, t (9.4) 75.9 
4 5.61, t (9.6) 69.6 4.07, t (9.4) 69.3 
5 4.53, ddd (2.5, 4.6, 10.0) 73.5 4.14, ddd (1.7, 5.0, 9.5) 75.9 
6a 4.57, dd (2.5, 12.4) 63.0 4.60, dd (1.7, 12.0) 63.8 
6b 4.37, dd (4.6, 12.4)  4.50, dd (5.0, 12.0)  
 1-O-Galloyl 1-O-Galloyl 
1′  119.3  120.2 
2′, 6′ 7.06, s  110.2 7.11, s  110.3 
3′, 5′  146.1  146.0 
4′  139.6  139.6 
7′  165.3  165.0 
 2-O-Galloyl 2-O-Galloyl 
1′′  119.8d  120.8 
2′′, 6′′ 6.99c, s 110.0e 7.01, s 110.1 
3′′, 5′′  145.9f  145.9 
4′′  139.5g  139.1 
7′′  166.3h  165.8 
 3-O-Galloyl 3-O-Galloyl 
1′′′  120.0d  121.4 
2′′′, 6′′′ 6.99c, s 110.0e 7.08, s 110.1 
3′′′, 5′′′  146.0f  145.8 
4′′′  139.4g  138.8 
7′′′  166.4h  166.2 
 6-O-Galloyl   
1′′′′  120.8   
2′′′′, 6′′′′ 7.13, s 109.9   
3′′′′, 5′′′′  146.0   
4′′′′  139.1   
7′′′′  166.7   
 4-O-Cinnamoyl 6-O-Cinnamoyl 
1′  134.8  135.4 
2′, 6′ 7.57, m 129.1 7.71, m 129.2 
3′, 5′ 7.36, m 129.7 7.45, m 129.8 
4′ 7.37, m 131.5 7.43, m 131.3 
7′ 7.63, d (16.0) 147.7 7.72, d (16.0) 145.8 
8′ 6.45, d (16.0) 117.3 6.62, d (16.0) 118.7 
9′  166.2  167.1 
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1H NMR data were measured at a600 and b800 MHz in acetone-d6:D2O = 9:1, 
respectively. 13C NMR data were measured at a150 and b200 MHz in acetone-
d6:D2O = 9:1, respectively. c–h Exchangable 
 
2.4. Further isolation of constituents of T. chebula 
The B1 fraction (40 g) was subjected to was subjected to MPLC eluted with a 
MeCN/H2O with 0.1% formic acid gradient (1:99 to 25:75) to yield five fractions 
(B1a-B1f). Fraction B1a was separated on semi-preparative HPLC column 
(MeCN/H2O with 0.1% formic acid 1:99) to give compound 37 (10 mg) and 34 
(150 mg). Fraction B1b was recrystallized using water to afford 27 (2.0 g). Fraction 
B1c subjected to MPLC eluted with a MeCN/H2O with 0.1% formic acid gradient 
(1:99 to 15:85) to yield nine fractions (B1c1-B1c9). Fraction B1c3 was purified by 
semi-preparative HPLC (MeCN/H2O with 0.1% formic acid 3:97) to give 
compound 31 (5 mg). Compound 29 (51 mg), 30 (32 mg), 44 (15 mg), and 46 (90 
mg) were isolated from B1c5 by semi-preparative HPLC (MeCN/H2O with 0.1% 
formic acid 4:96). Compound 19 (110 mg) and 41 (29 mg) were obtained from 
B1c6 through semi-preparative HPLC (MeCN/H2O with 0.1% formic acid 5:95). 
B1c7 was separated on semi-preparative HPLC column (MeCN/H2O with 0.1% 
formic acid 5:95) to give compound 14 (20 mg), 32 (22 mg), and 47 (6 mg). 
Compound 48 (120 mg) and 35 (33 mg) were obtained from B1c8 and B1c9 
through semi-preparative HPLC (MeCN/H2O with 0.1% formic acid 6:94 and 
5:95), respectively. Fraction B1d subjected to MPLC eluted with a MeCN/H2O 
with 0.1% formic acid gradient (3:97 to 20:80) to yield seven fractions (B1d1-
B1d7). Compound 49 (55 mg) and 15 (30 mg) were isolated from B1d2 and B1d3 
by recrystallization (Water), respectively. B1d5 was separated on Sephadex LH-20 
column (MeOH-H2O 5:5 to acetone-H2O 8:2) to yield five subfractions (B1d5a-
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B1d5e). Compound 42 (700 mg) was obtained from B1d5d. B1d5a was purified by 
semi-preparative HPLC (MeCN/H2O with 0.1% formic acid 8:92) to give 
compound 25 (70 mg). Compound 33 (150 mg) and 45 (10 mg) were obtained 
from B1d5b and B1d5e through semi-preparative HPLC (MeCN/H2O with 0.1% 
formic acid 7:93), respectively. Compound 38 (4 mg) and 40 (10 mg) were purified 
from B1d7 by semi-preparative HPLC (MeCN/H2O with 0.1% formic acid 7:93). 
Fraction B1e was subjected to MPLC eluted with a MeCN/H2O with 0.1% formic 
acid gradient (5:80 to 20:80) to yield eight fractions (B1e1-B1e8). B1e3 was 
purified by semi-preparative HPLC (MeCN/H2O with 0.1% formic acid 6:94) to 
give compound 28 (50 mg). Compound 36 (8 mg) was isolated from B1e4 by semi-
preparative HPLC (MeCN/H2O with 0.1% formic acid 8:92). Compound 20 (44 
mg) and 22 (29 mg) were obtained from B1e5 and B1e8 through semi-preparative 
HPLC (MeCN/H2O with 0.1% formic acid 9:91 and 10:90), respectively. 
The B2 was subjected to MPLC eluted with a MeCN/H2O with 0.1% formic acid 
gradient (5:95 to 30:70) to yield six subfractions (B2a-B2f). Fraction B2d was 
separated by semi-preparative HPLC, eluted with a MeCN/ H2O with 0.1% formic 
acid (8:92 to 15:85) to yield 2 subfractions (B2d1 and B2d2). Compound 43 (18 
mg) was obtained from B2d1 through semi-preparative HPLC (MeCN/H2O with 
0.1% formic acid 9:91). Fraction B2e was separated on Sephadex LH-20 column 
(MeOH-H2O 5:5 to acetone-H2O 8:2) to yield eight subfractions (B2e1-B2e8). 
B2e6 was recrystallized using water to afford 26 (6 mg). Compound 18 (50 mg) 
and 21 (15 mg) were isolated from B2e8 through semi-preparative HPLC 
(MeCN/H2O with 0.1% formic acid 10:90 to 15:85). Compound 23 (15 mg) and 24 
(31 mg) were obtained from B2g by semi-preparative HPLC (MeCN/H2O with 0.1% 
formic acid 15:85). 
B3 fraction was subjected to MPLC eluted with a MeOH/H2O with 0.1% formic 
37 
 
acid gradient (20:80 to 50:50) to yield seven subfractions (B3a-B3g). B3a was 
separated on Sephadex LH-20 column (MeOH-H2O 5:5 to acetone-H2O 8:2) and 
purified by semi-preparative HPLC (MeCN/H2O with 0.1% formic acid 25:75) to 
give compound 52 (2 mg), 57 (4 mg), and 66 (2 mg). B3b was separated on 
Sephadex LH-20 column (MeOH-H2O 5:5 to acetone-H2O 8:2) to yield eight 
subfractions (B3d1-B3d8). Compound 37 (1.2 g) was isolated from B3d4 by 
recrystallization (MeOH). Compound 16 (14 mg) and 17 (11 mg) were obtained 
from B3d8 by semi-preparative HPLC (MeCN/H2O with 0.1% formic acid 26:74). 
Fraction B3f was separated on Sephadex LH-20 column (MeOH-H2O 5:5 to 
acetone-H2O 8:2) to yield five subfractions (B3f1-B3f5). Compound 54 (400 mg) 
was isolated from B3f1 by recrystallization (MeOH). Compound 55 (27 mg) was 
obtained from B3f2 by semi-preparative HPLC (MeCN/H2O with 0.1% formic acid 
24:76). Fraction B3g was separated on Sephadex LH-20 column (MeOH-H2O 5:5 
to acetone-H2O 8:2) to yield five subfractions (B3g1-B3g5). Compound 59 (20 mg), 
63 (9 mg), and 65 (3 mg) were isolated from B3g1 by semi-preparative HPLC 
(MeCN/H2O with 0.1% formic acid 29:71). B3g2 was purified by semi-preparative 
HPLC (MeCN/H2O with 0.1% formic acid 30:70) to give compound 61 (8 mg).  
Fraction B4 was subjected to MPLC eluted with a MeOH/H2O with 0.1% formic 
acid gradient (30:70 to 70:30) to yield eleven subfractions (B4a-B4k). B4g was 
purified by semi-preparative HPLC (MeCN/H2O with 0.1% formic acid 38:62) to 
give compound 58 (26 mg). Compound 53 (16 mg) and 64 (5 mg) were obtained 
from B4h and B4k by semi-preparative HPLC (MeCN/H2O with 0.1% formic acid 
33:67 and 40:60), respectively. 
The CHCl3 fraction was subjected to silica gel column chromatography eluted 
with mixtures of CHCl3:MeOH (100:0 → 50:50 → 0:100) to yield eleven fractions 
(C1-C11). Compound 62 (23 mg) was isolated from by recrystallization (MeOH). 
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Compound 50 (200 mg), 56 (76 mg), and 60 (14 mg) were obtained from C10 by 
semi-preparative HPLC (MeCN/H2O with 0.1% formic acid 39:61 to 46:54). 
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Scheme 5. Isolation of compounds from T. chebula fruits (Continued) 
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Scheme 6. Isolation of compounds from T. chebula fruits 
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1,3-Di-O-galloyl-β-D-glucose (14)  
White amorphous powder  
C20H20O14  
[α]D
20= 4.7 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 218 (4.9), 278 (4.5) nm  
IR νmax: 3390, 1701, 1617, 1537, 1455, 1341, 1213 cm-1  
HRMS (ESI-QTOF) m/z: 483.0777 [M – H]- (calcd for C20H19O14, 483.0775) 
1H (300 MHz, CD3OD) NMR: δ 7.14, 7.12 (each 2H, s, Gal-H-2′, 6′, Gal-H-2′′, 6′′), 
5.79 (1H, d, J = 8.2 Hz, H-1), 5.24 (1H, t, J = 9.4 Hz, H-3), 3.87 (1H, dd, J = 2.1, 
12.2 Hz, H-6a), 3.76 (1H, m, H-4) 3.73 (1H, m, H-6b), 3.70 (1H, m, H-2), 3.56 (1H, 
ddd, J = 2.2, 4.6, 9.9 Hz, H-5) 
13C (75 MHz, CD3OD) NMR: δ 168.1, 166.8 (Gal-C-7′, Gal-C-7′′), 146.5, 146.3 
(Gal-C-3′, 5′, Gal-C-3′′, 5′′), 140.3, 139.7 (Gal-C-4′, Gal-C-4′′), 121.6, 120.5 (Gal-
C-1′, Gal-C-1′′), 110.5, 110.3 (Gal-C-2′, 6′, Gal-C-2′′, 6′′), 95.8 (C-1), 79.1 (C-3), 
78.7 (C-5), 72.6 (C-2), 69.3 (C-4), 61.9 (C-6) 
 
1,6-Di-O-galloyl-β-D-glucose (15)  
White amorphous powder  
C20H20O14  
[α]D
20= -29.1 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 218 (4.8), 278 (4.5) nm  
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IR νmax: 3390, 1701, 1618, 1513, 1456, 1342, 1220 cm-1  
HRMS (ESI-QTOF) m/z: 483.0782 [M – H]- (calcd for C20H19O14 483.0775) 
1H (300 MHz, acetone-d6:D2O = 9:1) NMR: δ 7.16, 7.12 (each 2H, s, Gal-H-2′, 6′, 
Gal-H-2′′, 6′′), 5.73 (1H, d, J = 7.7 Hz, H-1), 4.55 (1H, dd, J = 1.9, 12.2 Hz, H-6a), 
4.38 (1H, dd, J = 5.0, 12.2 Hz, H-6b), 3.79 (1H, m, H-5), 3.56–3.49 (3H, m, H-2, 
H-3, H-4)  
13C (75 MHz, acetone-d6:D2O = 9:1) NMR: δ 166.7, 165.5 (Gal-C-7′, Gal-C-7′′), 
146.0, 146.0 (Gal-C-3′, 5′, Gal-C-3′′, 5′′), 139.3, 138.8 (Gal-C-4′, Gal-C-4′′), 121.4, 
120.70 (Gal-C-1′, Gal-C-1′′), 110.20, 109.80 (Gal-C-2′, 6′, Gal-C-2′′, 6′′), 95.6 (C-
1), 77.7 (C-3), 75.8 (C-5), 73.8 (C-2), 70.80 (C-4), 64.14 (C-6) 
 
1,6-Di-O-galloyl-2-O-cinnamoyl-β-D-glucose (16)  
Light brown amorphous powder  
C29H26O15  
[α]D
20= -56.0 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 217 (4.8), 280 (4.5) nm  
IR νmax: 3382, 1701, 1513, 1456, 1341, 1212 cm-1  
HRMS (ESI-QTOF) m/z: 613.1219 [M – H]- (calcd for C29H25O15 613.1193) 
1H (400 MHz, acetone-d6:D2O = 9:1) NMR: 7.72 (1H, d, J = 16.0 Hz, Cin-H-7′), 
7.61 (2H, m, Cin-H-2′, 6′), 7.38 (3H, m, Cin-H-3′, Cin-H-4′, Cin-H-5′) 7.11, 7.05 
(each 2H, Gal-H-2′, 6′, Gal-H-2′′, 6′′), 6.53 (1H, d, J = 16.0 Hz, Cin-H-8′′) 5.86 
(1H, d, J = 8.3 Hz, H-1), 5.18 (1H, t, J = 8.0 Hz, H-2), 4.60 (1H, dd, J = 1.6, 12.1 
Hz, H-6a), 4.37 (1H, dd, J = 5.4, 12.1 Hz, H-6b), 3.92 (3H, m, H-3, H-4, H-5) 
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13C (100 MHz, acetone-d6:D2O = 9:1) NMR: 167.1, 167.0 (Gal-C-7′, Gal-C-7′′), 
165.6 (Cin-C-9′), 146.4 (Cin-C-7′) 146.1, 145.9 (Gal-C-3′, 5′, Gal-C-3′′, 5′′), 139.7, 
139.0 (Gal-C-4′, Gal-C-4′′), 134.9 (Cin-C-1′), 131.4 (Cin-C-4′), 129.72 (Cin-C-3′, 
5′), 129.03 (Cin-C-2′, 6′), 121.0, 119.5 (Gal-C-1′, Gal-C-1′′), 118.1 (Cin-C-8′), 
110.0, 109.7 (Gal-C-2′, 6′, Gal-C-2′′, 6′′), 93.5 (C-1), 75.9 (C-5), 74.8 (C-3), 73.7 
(C-2), 70.9 (C-4), 64.0 (C-6) 
 
1,2-Di-O-galloyl-6-O-cinnamoyl-β-D-glucose (17)  
Brown amorphous powder  
C29H26O15  
[α]D
20= -66.2 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 217 (4.8), 279 (4.6) nm  
IR νmax: 3424, 1701, 1618, 1513, 1455, 1338, 1207 cm-1  
HRMS (ESI-QTOF) m/z: 613.1210 [M – H]- (calcd for C29H25O15. 613.1193) 
1H (400 MHz, acetone-d6:D2O = 9:1) NMR: δ 7.67 (1H, d, J = 16.0 Hz, Cin-H-7′) 
7.65 (2H, m, Cin-H-2′, 6′), 7.39 (3H, m, Cin-H-3′, Cin-H-4′, Cin-H-5′), 7.06 (2H, s, 
Gal-H-2′′, 6′′), 7.03 (2H, s, Gal-H-2′, 6′), 6.55 (1H, d, J = 16.0 Hz, Cin-H-8′′), 5.89 
(1H, d, J = 8.3 Hz, H-1), 5.19 (1H, dd, J = 8.3, 9.5 Hz, H-2), 4.54 (1H, dd, J = 2.0, 
12.1 Hz, H-6a), 4.34 (1H, dd, J = 5.7, 12.1 Hz, H-6b) 3.93 (1H, t, J = 9.2 Hz, H-3), 
3.87 (1H, ddd, J = 2.1, 5.7, 9.9, H-5) 3.64 (1H, t, J = 8.0 Hz, H-4) 
13C (100 MHz, acetone-d6:D2O = 9:1) NMR: δ 166.7 (Cin-C-9′), 166.1 (Gal-C-7′′), 
164.7 (Gal-C-7′), 145.4 (Gal-C-3′, 5′), 145.2 (Gal-C-3′′, 5′′), 145.2 (Cin-C-7′), 
139.0 (Gal-C-4′), 138.5 (Gal-C-4′′), 134.4 (Cin-C-1′), 130.6 (Cin-C-4′), 129.1 (Cin-
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C-3′, 5′), 128.4 (Cin-C-2′, 6′), 120.0 (Gal-C-1′′), 119.0 (Gal-C-1′), 117.7 (Cin-C-8′), 
109.3 (Gal-C-2′, 6′), 109.2 (Gal-C-2′′, 6′′), 92.7 (C-1), 75.1 (C-5), 74.3 (C-3), 73.1 
(C-2), 70.2 (C-4), 63.4 (C-6). 
 
Methyl chebulagate (18)  
Light brown amorphous powder  
C42H32O27 
[α]D
20= -7.7 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 222 (4.9), 279 (4.5) nm  
CD (MeOH): 239 (Δε –16.57), 262 (Δε 5.13), 286 (Δε -14.08) 
IR νmax: 3437, 1725, 1516, 1324, 1210, 1033 cm-1  
HRMS (ESI-QTOF) m/z: 967.1055 [M – H]- (calcd for C42H31O27 967.1053) 
1H (600 MHz, acetone-d6) NMR:, 7.51 (1H, s, Cheb-H-2′′), 7.19 (1H, s, Gal-H-2′, 
6′), 6.08 (1H, s, HHDP-H-5′), 6.67 (1H, s, HHDP-H-5′′), 6.51 (1H, s, H-1), 5.90 
(1H, s, H-3), 5.51 (1H, s, H-2), 5.23 (1H, d, J = 3.5 Hz, H-4), 5.13 (1H, dd, J = 0.8, 
7.3 Hz, Cheb-H-3′), 4.97 (1H, d, Cheb-H-2′), 4.82 (1H, m, H-5), 4.78 (1H, m, H-
6a), 4.41 (1H, dd, J = 7.4, 10.2 Hz, H-6b), 3.90 (1H, t, J = 8.2 Hz, Cheb-H-4′), 3.54 
(3H, s, OMe) 2.17 (2H, br d, Cheb-H-5′) 
13C (150 MHz, acetone-d6) NMR: δ 173.5 (Cheb-C-7′), 172.2 (Cheb-C-6′), 169.6 
(Cheb-C-1′), 168.3 (HHDP-C-7′′), 166.2 (HHDP-C-7′), 165.4 (Cheb-C-7′′), 164.9 
(Gal-H-7′), 146.5 (Cheb-C-3′′), 145.9 (Gal-C-3′, 5′), 145.4 (HHDP-C-4′′), 145.2 
(HHDP-C-2′), 145.0 (HHDP-C-2′′), 144.1 (HHDP-C-4′), 141.0 (Cheb-C-5′′), 139.7 
(Gal-C-4′), 139.4 (Cheb-C-4′′), 137.7 (HHDP-C-3′), 136.5 (HHDP-C-3′′), 125.7 
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(HHDP-C-6′′), 124.8 (HHDP-C-6′), 120.3 (Gal-C-1′), 119.2 (Cheb-C-1′′), 117.2 
(Cheb-C-2′′), 117.0 (HHDP-C-1′) 115.1 (HHDP-C-1′′), 115.9 (Cheb-C-6′′), 110.8 
(Gal-C-2′, 6′), 110.3 (HHDP-C-5′), 108.0 (HHDP-C-5′′), 91.6 (C-1), 73.7 (C-5), 
70.6 (C-2), 66.6 (Cheb-C-2′), 66.4 (C-4) , 64.0 (C-6), 61.9 (C-3), 52.0 (OMe) 41.1 
(Cheb-C-3′), 39.3 (Cheb-C-4′), 30.2 (Cheb-C-5′)  
 
Phyllanemblinin E (19)  
Yellowish amorphous powder  
C27H26O20  
[α]D
20= 1.6 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 221 (4.7), 278 (4.3) nm  
IR νmax: 3423, 1721, 1617, 1513, 1455, 1339, 1206 cm-1  
HRMS (ESI-QTOF) m/z: 669.0928 [M – H]- (calcd for C27H25O20, 669.0939) 
1H (500 MHz, acetone-d6:D2O = 9:1) NMR: See Table 5 
13C (125 MHz, acetone-d6:D2O = 9:1) NMR: See Table 6 
 
1′-O-Methyl neochebulanin (20)  
White amorphous powder  
C28H28O20  
[α]D
20= 15.2 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 220 (4.7), 284 (4.3) nm  
46 
 
CD (MeOH): 214 (Δε -4.77), 235 (Δε 5.07), 261 (Δε -0.26), 291 (Δε 1.93) 
IR νmax: 3420, 2919, 1732, 1540, 1339, 1199, 1060, 669 cm-1  
HRMS (ESI-QTOF) m/z: 683.1098 [M – H]- (calcd for C28H27O20 683.1098) 
1H (600 MHz, acetone-d6:D2O = 9:1) NMR: See Table 5 
13C (150 MHz, acetone-d6:D2O = 9:1) NMR: See Table 6 
 
Dimethyl neochebulinate (21)  
Yellowish amorphous powder  
C43H38O28  
[α]D
20= 28.2 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 219 (4.9), 281 (4.5) nm  
CD (MeOH): 208 (Δε -16.80), 227 (Δε 5.59), 235 (sh, Δε 4.26), 267 (Δε -2.23), 
293 (Δε 5.23) 
IR νmax: 3411, 2923, 1723, 1530, 1322, 1209, 1038, 660 cm-1  
HRMS (ESI-QTOF) m/z: 1001.1484 [M – H]- (calcd for C43H37O28 1001.1472) 
1H (600 MHz, acetone-d6:D2O = 9:1) NMR: See Table 5 
13C (150 MHz, acetone-d6:D2O = 9:1) NMR: See Table 6 
 
Neochebulagic acid (22)  
Yellowish amorphous powder  
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C41H32O28  
[α]D
20= -49.0 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 220 (5.0), 281 (4.6) nm  
IR νmax: 3373, 1710, 1513, 1457, 1342 cm-1  
HRMS (ESI-QTOF) m/z: 971.0989 [M – H]- (calcd for C41H31O28 971.1002) 
1H (500 MHz, CD3OD) NMR: See Table 7 
13C (125 MHz, CD3OD) NMR: See Table 8 
 
Dimethyl neochebulagate (23)  
Yellowish amorphous powder  
C43H36O28  
[α]D
20= -1.7 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 222 (5.0), 280 (4.6) nm  
CD (MeOH): 240 (Δε -27.35), 263 (Δε 10.41), 285 (Δε -18.37) 
IR νmax: 3420, 2949, 1717, 1526, 1361, 1198, 1032, 669 cm-1  
HRMS (ESI-QTOF) m/z: 999.1298 [M – H]- (calcd for C43H35O28 999.1315) 
1H (600 MHz, acetone-d6) NMR: See Table 7 
13C (150 MHz, acetone-d6) NMR: See Table 8 
 
Dimethyl 4′-epi-neochebulagate (24)  
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Yellowish amorphous powder  
C43H36O28  
[α]D
20= 21.9 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 221 (4.9), 280 (4.5) nm  
CD (MeOH): 241 (Δε -19.94), 263 (Δε 7.83), 285 (Δε -12.08) 
IR νmax: 3437, 2964, 1725, 1515, 1329, 1204, 1040, 677 cm-1  
HRMS (ESI-QTOF) m/z: 999.1315 [M – H]- (calcd for C43H35O28 999.1315) 
1H (600 MHz, acetone-d6) NMR: See Table 7 
13C (150 MHz, acetone-d6) NMR: See Table 8 
 
Chebulanin (25)  
White amorphous powder  
C27H24O19  
[α]D
20= 5.3 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 222 (4.6), 280 (4.3) nm  
IR νmax: 3385, 1701, 1513, 1457, 1341 cm-1  
HRMS (ESI-QTOF) m/z: 651.0825 [M – H]- (calcd for C27H23O19, 651.0834) 
1H (300 MHz, CD3OD) NMR: δ 7.45 (1H, s, Cheb-H-2′′), 7.13 (1H, s, Gal-H-2′, 6′), 
6.37 (1H, d, J = 2.8 Hz, H-1), 5.22 (1H, m, H-2), 5.10 (1H, dd, J = 1.5, 7.2 Hz, 
Cheb-H-3′), 4.82 (1H, m, H-4), 4.81 (1H, m, H-3), 4.78 (1H, m, Cheb-H-2′) 4.30 
(1H, dt, J = 12.4, 6.4 Hz, H-5), 4.04 (2H, m, H-6), 3.81 (1H, ddd, J = 1.0, 4.1, 5.5 
49 
 
Hz, Cheb-H-4′), 2.15 (2H, m, Cheb-H-5′)  
13C (75 MHz, CD3OD) NMR: δ 174.8 (Cheb-C-6′), 174.6 (Cheb-C-7′), 170.7 
(Cheb-C-1′), 166.6 (Gal-C-7′), 166.4 (Cheb-C-7′′), 147.1 (Cheb-C-3′′), 146.5 (Gal-
C-3′, 5′), 141.2 (Cheb-C-5′′), 140.4 (Gal-C-4′), 140.0 (Cheb-C-4′′), 120.4 (Gal-C-
1′), 119.4 (Cheb-C-1′′), 117.3 (Cheb-C-2′′), 115.9 (Cheb-C-6′′), 110.4 (Gal-C-2′, 6′), 
92.9 (C-1), 79.4 (C-5), 74.1 (C-2), 72.0 (C-4), 67.0 (Cheb-C-2′), 63.5 (C-6), 61.6 
(C-3), 41.4 (Cheb-C-3′), 39.9 (Cheb-C-4′), 30.1 (Cheb-C-5′) 
 
Eschweilenol C (26)  
Brown amorphous powder  
C20H16O12  
[α]D
20= -68.1 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 255 (4.6), 360 (4.0) nm  
IR νmax: 3331, 1738, 1617, 1501, 1541, 1341 cm-1  
HRMS (ESI-QTOF) m/z: 447.0561 [M – H]- (calcd for C20H15O12 447.0564) 
1H (400 MHz, DMSO-d6) NMR: δ 7.70 (1H, s, H-5), 7.43 (1H, s, H-5′), 5.42 (1H, s, 
H-1′′), 3.96 (1H, s, H-2′′), 3.80 (1H, dd, J = 3.0, 9.3 Hz, H-3′′), 3.50 (1H, m, H-5′′), 
3.29 (1H, t, J = 9.4 Hz, H-4′′), 1.10 (3H, d, J = 6.2 Hz, H-6′′)  
13C (100 MHz, DMSO-d6) NMR: δ 159.2 (C-7), 159.0 (C-7′), 148.8 (C-4′), 146.4 
(C-4), 141.4 (C-3), 140.0 (C-3′), 136.7 (C-2), 136.4 (C-2′), 114.6 (C-6), 111.9 (C-
6′), 111.6 (C-5), 110.2 (C-5′), 107.9 (C-1), 107.3 (C-1′), 100.2 (C-1′′), 71.8 (C-4′′), 
70.1 (C-5′′), 70.0 (C-3′′), 69.9 (C-2′′), 17.9 (C-6′′) 
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Gallic acid (27)  
White amorphous powder  
C7H6O5  
UV (MeOH) λmax (log ε): 218 (4.4), 273 (4.0) nm  
IR νmax: 3373, 1693, 1513, 1457, 1335 cm-1  
HRMS (ESI-QTOF) m/z: 169.0131 [M – H]- (calcd for C7H5O5 169.0137) 
1H (300 MHz, DMSO-d6) NMR: δ 6.91 (2H, s, H-2, 6) 
13C (75 MHz, DMSO-d6) NMR: δ 167.5 (C-7), 145.4 (C-3, 5), 138.0 (C-4), 120.4 
(C-1), 108.7 (C-2, 6) 
 
Methyl gallate (28)  
Yellowish amorphous powder  
C8H8O5  
UV (MeOH) λmax (log ε): 219 (4.4), 275 (4.1) nm  
IR νmax: 3373, 1698, 1513, 1458, 1252 cm-1  
HRMS (ESI-QTOF) m/z: 183.0289 [M – H]- (calcd for C8H7O5 183.0293) 
1H (300 MHz, CD3OD) NMR: δ 7.04 (2H, s, H-2, 6), 3.81 (3H, s, OMe)  
13C (75 MHz, CD3OD) NMR: δ 168.9 (C-7), 146.5 (C-3, 5), 139.7 (C-4), 121.4 (C-
1), 110.0 (C-2, 6), 52.3 (OMe) 
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4-O-Galloyl-(-)-shikimic acid (29)  
Yellowish syrup 
C14H14O9  
[α]D
20= -224.1 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 218 (4.7), 278 (4.3) nm  
IR νmax: 3468, 1698, 1618, 1514, 1455, 1316, 1244 cm-1  
HRMS (ESI-QTOF) m/z: 325.0560 [M – H]- (calcd for C14H13O9 325.0560) 
1H (300 MHz, acetone-d6:D2O = 9:1) NMR: See Table 9 
13C (75 MHz, acetone-d6:D2O = 9:1) NMR: See Table 9 
 
5-O-Galloyl-(-)-shikimic acid (30)  
Yellowish syrup  
C14H14O9  
[α]D
20= -165.99 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 218 (4.6), 278 (4.2) nm  
IR νmax: 3473, 1700, 1513, 1457, 1342 cm-1  
HRMS (ESI-QTOF) m/z: 325.0559 [M – H]- (calcd for C14H13O9 325.0560) 
1H (300 MHz, acetone-d6:D2O = 9:1) NMR: See Table 9 
13C (75 MHz, acetone-d6:D2O = 9:1) NMR: See Table 9 
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6-O-Galloyl-D-glucose (31)  
Yellowish amorphous powder  
C13H16O10  
[α]D
20= 13.6 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 218 (4.3), 275 (3.9) nm  
IR νmax: 3390, 1700, 1514, 1456, 1342, 1235 cm-1  
HRMS (ESI-QTOF) m/z: 331.0649 [M – H]- (calcd for C13H15O10 331.0665) 
1H (300 MHz, acetone-d6:D2O = 9:1) NMR: See Table 10  
13C (75 MHz, acetone-d6:D2O = 9:1) NMR: δ 167.5 (α, β-C-7′), 145.4 (α, β-C-3′, 
5′), 138.0 (α, β-C-4′), 120.4 (α, β-C-1′), 108.7 (α, β-C-2′, 6′) 97.7 (β-C-1), 93.2 (α-
C-1), 77.2 (β-C-3), 75.6 (β-C-5), 74.6 (α-C-3), 74.2 (β-C-2), 73.1 (α-C-5), 71.1 (α-
C-2), 70.9 (β-C-4), 70.2(α-C-4), 64.5 (α, β-C-6) 
 
3,6-Di-O-galloyl-D-glucose (32)  
Yellowish amorphous powder  
C20H20O14  
[α]D
20= 61.9 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 218 (4.7), 276 (4.3) nm  
IR νmax: 3373, 1700, 1650, 1514, 1457, 1342,1230 cm-1  
HRMS (ESI-QTOF) m/z: 483.0777 [M – H]- (calcd for C20H19O14 483.0775) 
1H (400 MHz, acetone-d6:D2O = 9:1) NMR: See Table 10  
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13C (100 MHz, acetone-d6:D2O = 9:1) NMR: δ 167.6, 167.2 (α, β-C-7′, 7′′), 145.9, 
145.8 (α, β-C-3′,5′, 3′′,5′′), 138.9, 138.7 (α, β-C-4′, 4′′), 121.7, 121.3 (α, β-C-1′, 1′′), 
109.9, 109.8 (α, β-C-2′,6′, 2′′,6′′), 97.9 (β-C-1), 93.4 (α-C-1), 78.7 (β-C-3), 76.8 (α-
C-3), 74.7 (β-C-5), 74.0 (β-C-2), 71.7 (α-C-5), 70.5 (α-C-2), 69.5 (α, β-C-4), 64.4 
(β-C-6), 63.3 (α-C-6) 
 
3,4,6-Tri-O-galloyl-D-glucose (33)  
Yellowish amorphous powder  
C27H24O18  
[α]D
20= -3.5 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 217 (4.8), 278 (4.5) nm  
IR νmax: 3370, 1701, 1618, 1514, 1455, 1340, 1222 cm-1  
HRMS (ESI-QTOF) m/z: 635.0889 [M – H]- (calcd for C27H23O18 635.0884) 
1H (600 MHz, acetone-d6:D2O = 9:1) NMR: See Table 10  
13C (150 MHz, acetone-d6:D2O = 9:1) NMR: δ 165.7 (α-C-7′′′), 165.6 (α, β-C-7′), 
165.4 (β-C-7′′), 165.0 (α, β-C-7′′), 145.2, 145.1, 145.0 (α, β-C-3′,5′, 3′′,5′′, 3′′′,5′′′), 
138.2, 138.0, 137.9 (α, β-C-4′, 4′′, 4′′′), 121.0, 120.9, 120.1 (α, β-C-1′, 1′′, 1′′′), 
109.3, 109.2 (2C) (α, β-C-2′,6′, 2′′,6′′, 2′′′,6′′′), 97.6 (β-C-1), 92.9 (α-C-1), 75.1 (β-
C-3), 73.8 (β-C-2), 73.2 (α-C-3), 72.1 (β-C-5), 71.3 (α-C-2), 69.3 (β-C-4), 69.2 (α-
C-4), 67.8 (α-C-5), 62.7 (α, β-C-6) 
 
Chebulic acid (34)  
54 
 
Colorless syrup  
C14H12O11  
[α]D
20= 20.5 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 217 (4.6), 278 (4.2) nm  
CD (MeOH): 217 (Δε -7.3), 235 (Δε 9.5), 279 (Δε 3.0) 
IR νmax: 3371, 1708, 1516, 1465, 1368 cm-1  
HRMS (ESI-QTOF) m/z: 355.0302 [M – H]- (calcd for C14H11O11 355.0301) 
1H (400 MHz, DMSO-d6) NMR: See Table 11 
13C (100 MHz, DMSO-d6) NMR: See Table 12 
 
6-O-Methyl chebulate (35)  
Yellowish syrup  
C15H14O11  
[α]D
20= 28.2 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 219 (4.3), 284 (3.8) nm  
IR νmax: 3372, 1708, 1516, 1386 cm-1  
HRMS (ESI-QTOF) m/z: 369.0458 [M – H]- (calcd for C15H13O11 369.0458) 
1H (400 MHz, CD3OD) NMR: See Table 11 
13C (100 MHz, CD3OD) NMR: See Table 12 
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7-O-Methyl chebulate (36)  
Yellowish syrup  
C15H14O11  
[α]D
20= 41.1 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 223 (4.3), 286 (3.9) nm  
IR νmax: 3381, 1707, 1516, 1465, 1367 cm-1  
HRMS (ESI-QTOF) m/z: 369.0436 [M – H]- (calcd for C15H14O11 369.0458) 
1H (400 MHz, CD3OD) NMR: See Table 11 
13C (100 MHz, CD3OD) NMR: See Table 12 
 
Neochebulic acid (37)  
Colorless syrup  
C14H12O11  
[α]D
20= 27.6 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 224 (4.4), 288 (4.0) nm  
CD (MeOH): 214 (Δε -3.2), 233 (Δε 9.6), 281 (Δε 1.5) 
IR νmax: 3378, 1710, 1514, 1463, 1370 cm-1  
HRMS (ESI-QTOF) m/z: 355.0305 [M – H]- (calcd for C15H14O11 355.0301) 
1H (400 MHz, DMSO-d6) NMR: See Table 11  
13C (100 MHz, DMSO-d6) NMR: See Table 12 
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m-Digallic acid and p-digallic acid (38a and 38b)  
White amorphous powder  
C14H10O9  
UV (MeOH) λmax (log ε): 284 (3.7) nm  
IR νmax: 3354, 1696, 1613, 1532, 1448, 1321, 1202 cm-1  
HRMS (ESI-QTOF) m/z: 321.0228 [M – H]- (calcd for C14H10O9 321.0247) 
1H (400 MHz, CD3OD) NMR: (m-digallic acid) δ 7.40 (1H, d, J = 1.8 Hz, H-2), 
7.26 (1H, d, J = 1.8 Hz, H-6), 7.22 (2H, s, H-2', 6'), (p-digallic acid) δ 7.23 (6/7 H, 
s, H-2', 6') 7.11 (6/7 H, s, H-2, 6) 
13C (100 MHz, CD3OD) NMR: (m-digallic acid) δ 169.7 (C-7), 166.3 (C-7'), 147.5 
(C-3), 146.6 (C-3', 5'), 144.1 (C-4), 140.5 (C-4'), 140.1 (C-5), 122.4 (C-1), 120.5 
(C-1'), 117.4 (C-6), 115.0 (C-2), 110.7 (C-2', 6'), (p-digallic acid) δ 169.9 (C-7), 
164.6 (C-7'), 151.6 (C-3, 5), 146.5 (C-3', 5'), 140.3 (C-4'), 132.5 (C-4), 130.0 (C-1), 
120.6 (C-1'), 110.9 (C-2', 6'), 110.0 (C-2, 6) 
 
Ellagic acid (39)  
Yellow amorphous powder  
C14H6O8  
UV (MeOH) λmax (log ε): 255 (4.7) and 366 (4.1) nm  
IR νmax: 3073, 1706, 1619, 1446, 1393, 1355, 1107 cm-1  
HRMS (ESI-QTOF) m/z: 300.9983 [M – H]- (calcd for C14H6O8 300.9984) 
1H (300 MHz, DMSO-d6) NMR: δ 7.45 (2H, s, H-5, 5') 
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13C (75 MHz, DMSO-d6) NMR: δ 159.1 (C-7, 7'), 148.1 (C-4, 4'), 139.6 (C-3, 3'), 
136.3 (C-2, 2'), 112.3 (C-1, 1'), 110.2 (C-5, 5'), 107.6 (C-6, 6') 
 
Brevifolincarboxylic acid (40)  
White amorphous powder  
C13H8O8  
[α]D
20= 21.6 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 278 (4.3) nm  
IR νmax: 3125, 1707, 1597, 1391, 1095, 980 cm-1  
HRMS (ESI-QTOF) m/z: 291.0133 [M – H]- (calcd for C13H7O8 291.0141) 
1H (300 MHz, DMSO-d6) NMR: δ 7.27 (1H, s, H-3'), 4.36 (1H, dd, J = 2.0, 8.0 Hz, 
H-4), 2.91 (1H, dd, J = 8.0, 18.5 Hz, H-5a), 2.52 (1H, m, H-5b) 
13C (75 MHz, DMSO-d6) NMR: δ 193.6 (C-1), 173.4 (C-6), 160.3 (C-7'), 149.4 (C-
2), 145.2 (C-3), 144.5 (C-6'), 140.6 (C-4'), 139.4 (C-5'), 115.2 (C-2'), 113.0 (C-1'), 
108.0 (C-3'), 41.2 (C-4), 37.5 (C-5) 
 
Phyllanemblinin F (41)  
Light brown amorphous powder 
C27H26O20  
[α]D
20= 6.8 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 220 (4.7), 281 (4.3) nm  
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IR νmax: 3394, 1722, 1616, 1329, 1206, 1064 cm-1  
HRMS (ESI-QTOF) m/z: 669.0923 [M – H]- (calcd for C27H25O20 669.0916) 
1H (300 MHz, acetone-d6:D2O = 9:1) NMR: δ 7.18 (2H, s, Gal-H-2', 6'), 7.13 (1H, 
s, Neocheb-H-2''), 5.69 (1H, d, J = 7.8 Hz, H-1), 5.31 (1H, d, J = 0.9 Hz, Neocheb-
H-2'), 4.64 (1H, dd, J = 1.6, 12.0 Hz, H-6a), 4.33 (1H, dd, J = 4.2, 12.0 Hz, H-6b), 
3.92 (1H, d, J = 8.4 Hz, Neocheb-H-3'), 3.80–3.60 (4H, m H-2, H-3, H-4, H-5), 
3.19 (1H, ddd, J = 4.2, 8.4, 11.1 Hz, Neocheb-H-4'), 2.90 (1H, dd, J = 11.1, 17.1 
Hz, Neocheb-H-5'a), 2.43 (1H, dd, J = 4.2, 17.1 Hz, Neocheb-H-5'b)  
13C (75 MHz, acetone-d6:D2O = 9:1) NMR: δ 174.4 (Neocheb-C-1') , 174.3 
(Neocheb-C-6'), 171.7 (Neocheb-C-7'), 166.2 (Neocheb-C-7''), 165.3 (Gal-C-7'), 
146.3 (Neocheb-C-3''), 146.1 (Gal-C-3', 5'), 143.5 (Neocheb-C-5''), 139.7 
(Neocheb-C-4''), 139.6 (Gal-C-4'), 120.5 (Gal-C-1'), 117.5 (Neocheb-C-6''), 116.5 
(Neocheb-C-1''), 110.5 (Gal-C-2', 6'), 109.3 (Neocheb-C-2''), 95.6 (C-1), 78.2 
(Neocheb-C-2'), 77.4 (C-5), 75.8 (C-3), 73.5 (C-2), 70.4 (C-4), 64.2 (C-6), 45.7 
(Neocheb-C-4'), 36.9 (Neocheb-C-3'), 34.9 (Neocheb-C-5') 
 
Corilagin (42)  
Yellowish amorphous powder  
C27H22O18  
[α]D
20= -147.7 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 220 (4.8), 272 (4.5) nm  
CD (MeOH): 237 (Δε -27.8), 263 (Δε 8.1), 284 (Δε -19.4) 
IR νmax: 3411, 1712, 1614, 1328, 1207, 1034 cm-1  
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HRMS (ESI-QTOF) m/z: 663.0720 [M – H]- (calcd for C27H21O18 663.0728) 
1H (400 MHz, CD3OD) NMR: See Table 13 
Table 1313C (100 MHz, CD3OD) NMR: See Table 13 
 
Tercatain (43)  
Light brown amorphous powder  
C34H26O22  
[α]D
20= -29.9 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 219 (4.8), 278 (4.4) nm  
IR νmax: 3332, 1708, 1613, 1452, 1341, 1204, 1032, 970 cm-1  
HRMS (ESI-QTOF) m/z: 785.0840 [M – H]- (calcd for C34H25O22 785.0837) 
1H (400 MHz, acetone-d6) NMR: See Table 13 
13C (100 MHz, acetone-d6) NMR: See Table 13 
 
Gemin D (44)  
Light brown amorphous powder  
C27H22O18  
[α]D
20= 44.2 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 218 (4.6), 266 (4.3) nm  
IR νmax: 3387, 1707, 1616, 1449, 1329, 1235, 1029 cm-1  
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HRMS (ESI-QTOF) m/z: 633.0722 [M – H]- (calcd for C27H21O18 633.0728) 
1H (400 MHz, acetone-d6:D2O = 9:1) NMR: See Table 14 
13C (100 MHz, acetone-d6:D2O = 9:1) NMR: δ 168.6 (α-HHDP-C-7''), 168.5 (β-
HHDP-C-7''), 168.0 (α-HHDP-C-7'), 167.9 (β-HHDP-C-7'), 167.5 (α-Gal-C-7'), 
167.3 (β-Gal-C-7'), 145.7 (α, β-Gal-C-3', 5') 145.1 (α, β-HHDP-C-4', 4''), 144.3 (α, 
β-HHDP-C-2', 2''), 138.9 (α, β-Gal-C-4'), 136.4 (α, β-HHDP-C-3'), 136.3 (α, β-
HHDP-C-3''), 126.3, 126.0 (α, β-HHDP-C-3', 3'' ), 121.1 (α-Gal-C-1'), 121.0 (β-
Gal-C-1'), 115.8 (α, β-HHDP-C-1''), 115.7 (α, β-HHDP-C-1'), 110.1 (α, β-Gal-C-2', 
6'), 107.9 (α, β-HHDP-C-5''), 107.8 (α, β-HHDP-C-5'), 98.6 (β-C-1), 93.7 (α-C-1), 
76.0 (β-C-3), 74.5 (α-C-3), 74.3 (β-C-2), 71.7 (α-C-2, β-C-5) 71.3 (α, β-C-4), 67.1 
(α-C-5), 63.8 (α, β-C-6) 
 
Tellimagrandin I (45)  
Light brown amorphous powder  
C34H26O22  
[α]D
20= 40.9 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 218 (4.8), 272 (4.5) nm  
IR νmax: 3395, 1708, 1616, 1327, 1215, 1034 cm-1  
HRMS (ESI-QTOF) m/z: 785.0840 [M – H]- (calcd for C34H25O22 785.0837) 
1H (400 MHz, CD3OD) NMR: See Table 14  
13C (100 MHz, CD3OD) NMR: δ 168.1 (α-HHDP-C-7''), 168.0 (β-HHDP-C-7''), 
167.6 (α, β-HHDP-C-7'), 166.5 ((α-Gal-C-7''), 166.3 (β-Gal-C-7''), 166.0 (α-Gal-C-
7'), 165.5 (β-Gal-C-7'), 145.8 (α, β-Gal-C-3', 5'), 145.6 (α, β-Gal-C-3'', 5''), 145.1 
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(β-HHDP-C-4''), 145.0 (α-HHDP-C-4''), 144.3 (β-HHDP-C-4'), 144.2 (α-HHDP-C-
4''), 139.0 (α, β-Gal-C-4'), 138.8 (α, β-Gal-C-4''), 136.3 (α, β-HHDP-C-3', 3''), 
126.6, 126.1 (α, β-HHDP-C-3', 3''), 120.9 (α, β-Gal-C-1') , 120.8 (α, β-Gal-C-1''), 
115.6 (α, β-HHDP-C-1'), 115.4 (α, β-HHDP-C-1''), 110.0 (α, β-Gal-C-2', 6', α, β-
Gal-C-2'', 6''), 108.0 (α, β-HHDP-C-5''), 107.7 (α, β-HHDP-C-5') 96.7 (β-C-1), 
91.2 (α-C-1), 74.1 (β-C-2), 73.5 (β-C-3), 73.0 (α-C-2), 72.0 (β-C-1), 71.1 (α-C-3, α, 
β-C-4), 67.2 (α-C-5), 63.5 (α, β-C-6) 
 
Punicacortein C (46)  
Yellowish amorphous powder  
C48H28O30  
[α]D
20= -28.3 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 216 (5.0), 260 (4.9), 376 (4.2) nm  
IR νmax: 3393, 1707, 1606, 1319, 1178, 1058 cm-1  
HRMS (ESI-QTOF) m/z: 1083.0581 [M – H]- (calcd for C43H27O30 1083.0587) 
1H (400 MHz, acetone-d6:D2O = 9:1) NMR: δ 7.28 (1H, s, Gallagyl-H-2''), 6.70 
(1H, s, Gallagyl-H-2'), 6.35 (1H, s, HHDP-H-5''), 5.41 (1H, d, J = 4.7 Hz, H-1), 
5.13 (1H, dd, J = 2.2, 5.0 Hz, H-3), 4.87 (1H, dd, J = 2.2, 4.7 Hz, H-2), 4.23 (1H, 
dd, J = 1.9, 5.2 Hz, H-4), 3.81 (2H, m, H-6), 2.30 (1H, d, J = 9.3 Hz, H-5) 
13C (400 MHz, acetone-d6:D2O = 9:1) NMR: δ 168.8 (HHDP-C-7''), 168.0 
(Gallagyl-C-7'), 167.9 (Gallagyl-C-7''), 165.3 (HHDP-C-7'), 159.8, 158.9 
(Gallagyl-C-7''', Gallagyl-C-7''''), 147.6, 147.0, 146.0 (HHDP-C-4''), 145.8 
(Gallagyl-C-3'), 145.4 (Gallagyl-C-3''), 145.1, 144.8, 144.5 (HHDP-C-4'), 143.8, 
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143.8, 139.5, 139.0, 138.3, 138.3 (Gallagyl-C-4''), 138.1, 136.8 (Gallagyl-C-4'), 
136.3, 134.9 (HHDP-C-3''), 127.2, 125.0, 124.7, 122.7, 120.4, 120.3, 118.2 
(Gallagyl C-1''), 116.6 (HHDP-C-5'), 116.2 (HHDP-C-1''), 115.9 (Gallagyl-C-1'), 
115.3, 114.9, 114.4 (Gallagyl C-2''), 112.5, 110.6, 110.1 (Gallagyl-C-2'), 104.8 
(HHDP-C-5''), 74.5 (C-2), 73.4 (C-4), 72.8 (C-5), 68.0 (C-1), 67.7 (C-6), 67.4 (C-3) 
 
Punicacortein D (47)  
Light brown amorphous powder  
C48H28O30  
[α]D
20= -70.1 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 215 (4.9), 259 (4.8), 375 (4.2) nm  
IR νmax: 3394, 1709, 1605, 1320, 1178, 1059 cm-1  
HRMS (ESI-QTOF) m/z: 1083.0580 [M – H]- (calcd for C43H27O30 1083.0587) 
1H (400 MHz, acetone-d6:D2O = 9:1) NMR: δ 7.27 (1H, s, Gallagyl-H-2''), 6.80 
(1H, s, Gallagyl-H-2'), 6.34 (1H, s, HHDP-H-5''), 4.79 (1H, s, H-3), 4.78 (1H, s, H-
2), 4.63 (1H, s, H-1), 4.45 (1H, br s, H-4), 3.82 (1H, dd, J = 9.5, 12.0 Hz, H-6a), 
3.68 (1H, overlapped, H-6b) 2.36 (1H, d, J = 9.5 Hz, H-5) 
13C (100 MHz, acetone-d6:D2O = 9:1) NMR: δ 168.6 (HHDP-C-7''), 168.5 
(Gallagyl-C-7'), 168.1 (Gallagyl-C-7''), 166.1 (HHDP-C-7'), 159.1, 159.0 
(Gallagyl-C-7''', Gallagyl-C-7''''), 148.2, 147.3, 146.5 (HHDP-C-4''), 145.8 
(Gallagyl-C-3'), 145.4 (Gallagyl-C-3''), 145.1, 145.1, 144.4 (HHDP-C-4'), 144.1, 
143.4, 139.8, 139.1, 138.3, 138.0 (Gallagyl-C-4''), 137.7, 136.8 (Gallagyl-C-4'), 
136.6, 134.9 (HHDP-C-3''), 127.5, 124.7, 124.6, 122.7, 120.4, 120.1, 118.5 
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(Gallagyl C-1''), 116.1 (HHDP-C-5'), 116.0 (HHDP-C-1''), 116.0 (Gallagyl-C-1'), 
115.3, 115.0, 114.1 (Gallagyl C-2''), 112.3, 110.1, 108.7 (Gallagyl-C-2'), 105.0 
(HHDP-C-5''), 79.2 (C-2), 74.9 (C-1), 72.5 (C-5), 69.8 (C-3), 67.9 (C-6), 65.2 (C-4) 
 
Punicalagin (48)  
Light brown amorphous powder  
C48H28O30  
[α]D
20= -112.2 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 217 (4.9), 259 (4.9), 380 (4.2) nm  
IR νmax: 3411, 1725, 1606, 1328, 1175, 1055 cm-1  
HRMS (ESI-QTOF) m/z: 1083.0574 [M – H]- (calcd for C48H27O30 1083.0587) 
1H (600 MHz, acetone-d6:D2O = 9:1) NMR: See Table 15 
13C (150 MHz, acetone-d6:D2O = 9:1) NMR: δ 169.4, 169.3 (α, β-Gallagyl-C-7') (α, 
β-HHDP-C-7''), 168.8, 168.6 (α, β-HHDP-C-7'), 168.5, 168.3 (α, β-HHDP-C-7''), 
168.0, 167.9 (α, β-Gallagyl-C-7''), 158.2, 157.7 (α, β-Gallagyl-C-7''', Gallagyl-C-
7''''), 148.4, 147.9, 147.8, 147.8, 145.6, 145.5, 145.4, 145.2, 145.1, 145.1, 145.0, 
144.8, 144.7, 144.4, 144.3, 144.3, 144.2, 144.1, 144.0, 139.0, 138.7, 138.3, 138.3, 
137.6, 137.6 (α, β-Gallagyl-C-4''), 137.4, 137.0, 136.9, 136.8, 136.6 (β-HHDP-C-
3'), 136.3, 136.2, 136.2, 136.1, 126.9, 126.8, 126.8, 126.6, 125.7, 125.1, 124.5, 
124.2, 123.8, 122.0, 121.9, 118.0, 117.9 (α, β-Gallagyl-C-1''), 115.0, 114.8, 114.8, 
114.6, 114.5, 114.5, 114.3, 114.2, 114.0, 111.8, 111.7 (α, β-Gallagyl-C-2''), 111.4, 
111.0, 111.0, 109.6 (β-HHDP-C-5''), 108.9, 107.6, 107.5, 107.3, 94.4 (β-C-1), 90.3 
(α-C-1), 79.1 (β-C-3), 76.9 (β-C-2), 76.6 (α-C-3), 74.5 (α-C-2), 72.6 (β-C-5), 71.2 
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(α-C-4), 71.0 (β-C-4), 67.0 (α-C-5), 64.4 (α-C-6), 64.3 (β-C-6) 
 
Terflavin A (49)  
Light brown amorphous powder  
C48H30O30  
[α]D
20= 203.4 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 220 (4.8), 257 (4.8), 371 (4.1) nm  
IR νmax: 3393, 1707, 1515, 1329, 1187, 1051 cm-1  
HRMS (ESI-QTOF) m/z: 1085.0734 [M – H]- (calcd for C48H29O30 1085.0744) 
1H (400 MHz, acetone-d6:D2O = 9:1) NMR: See Table 15 
13C (100 MHz, acetone-d6:D2O = 9:1) NMR: δ 169.5 (β-HHDP-C-7'), 169.4 (α-
HHDP-C-7'), 169.3 (α-HHDP-C-7''), 169.1 (β-HHDP-C-7'), 166.9 (α-Gal-C-7'), 
166.8 (β-Gal-C-7'), 166.00 (β-Flavogallonyl-C-7'), 166.0 (α-Flavogallonyl-C-7'), 
160.4 (α-Flavogallonyl-C-7'''), 160.3 (β-Flavogallonyl-C-7'''), 158.8, 148.8 (α-
Flavogallonyl-C-4'''), 148.7 (β-Flavogallonyl-C-4'''), 147.1, 147.0, 146.1 (α-Gal-C-
3', 5'), 146.1 (β-Gal-C-3', 5'), 145.6 (α-HHDP-C-4''), 145.5, 145.5 (α-HHDP-C-4'), 
145.4, 144.9, 144.9 (β-HHDP-C-4''), 144.7, 144.6 (β-HHDP-C-4'), 139.6, 139.5, 
139.4, 139.3, 139.1 (α-Gal-C-4', β-Gal-C-7'), 138.0, 138.0, 137.5, 137.5, 136.8 (β-
HHDP-C-3'), 136.8 (α-HHDP-C-4'), 136.8 (α-HHDP-C-3'), 136.7 (β-HHDP-C-3''), 
127.3, 127.1, 127.0, 124.9, 124.7, 121.7, 121.6 (α-Gal-C-1'), 121.6, 121.5 (β-Gal-
C-1'), 118.5, 115.0 (β-HHDP-C-1''), 114.9 (α-HHDP-C-1''), 114.9 (β-HHDP-C-1'), 
114.8 (α-HHDP-C-1'), 114.5, 114.5, 114.4, 114.3, 111.8 (α-Flavogallonyl-C-5'''), 
111.7 (β-Flavogallonyl-C-5'''), 111.5 (α-Flavogallonyl-C-2''), 111.5 (β-
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Flavogallonyl-C-2'), 110.3 (α-Gal-C-2', 6'), 110.2, 110.2 (β-Gal-C-2', 6'), 109.4, 
109.3, 108.4 (α-HHDP-C-5'), 108.2 (β-HHDP-C-5'), 108.2 (α-HHDP-C-5''), 107.8 
(β-HHDP-C-5''), 95.5 (β-C-1), 91.8 (α-C-1), 78.2 (β-C-2), 77.9 (β-C-3), 75.6 (α-C-
2), 75.5 (α-C-3), 73.5 (β-C-5), 68.8 (α-C-5), 68.5 (α-C-4), 68.1 (β-C-4), 63.0 (α-C-
6), 62.9 (β-C-6) 
 
Arjungenin (50)  
White amorphous powder  
C30H48O6  
[α]D
20= 52.2 (c 0.10, MeOH)  
IR νmax: 3394, 2938, 1693, 1462, 1385, 1270, 1042 cm-1  
HRMS (ESI-QTOF) m/z: 503.3382 [M – H]- (calcd for C30H47O6 503.3373) 
1H (600 MHz, pyridine-d5) NMR: See Table 16 
13C (150 MHz, pyridine-d5) NMR: See Table 17 
 
23-O-Neochebuloylarjungenin 28-O-β-D-glucopyranosyl ester (51)  
Brown amorphous powder  
C50H68O21  
[α]D
20= -5.2 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 218 (4.3), 284 (3.8) nm  
IR νmax: 3392, 2939, 1694, 1515, 1464, 1386, 1042 cm-1  
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HRMS (ESI-QTOF) m/z: 1003.4206 [M – H]- (calcd for C50H67O21 1003.4175) 
1H (800 MHz, pyridine-d5) NMR: See Table 16 
13C (200 MHz, pyridine-d5) NMR: See Table 17 
 
23-O-4′-epi-Neochebuloylarjungenin (52)  
Light brown amorphous powder  
C44H58O16  
[α]D
20= 10.3 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 220 (4.4), 284 (4.0) nm  
IR νmax: 3384, 2932, 1701, 1515, 1427, 1050 cm-1  
HRMS (ESI-QTOF) m/z: 841.3647 [M – H]- (calcd for C44H58O16 841.3647) 
1H (800 MHz, pyridine-d5) NMR: See Table 16 
13C (150 MHz, pyridine-d5) NMR: See Table 17 
 
23-O-Galloylarjunic acid (53)  
White amorphous powder  
C37H52O10 
[α]D
20= 29.1 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 216 (4.6), 278 (4.2) nm  
IR νmax: 3359, 2942, 1695, 1462, 1384, 1318, 1227, 1024 cm-1  
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HRMS (ESI-QTOF) m/z: 655.3484 [M – H]- (calcd for C37H51O10 655.3482) 
1H (400 MHz, pyridine-d5) NMR: See Table 18 
13C (100 MHz, pyridine-d5) NMR: See Table 18 
 
Quercotriterpenoside I (54)  
Brown amorphous powder  
C43H62O15 
[α]D
20= 8.8 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 220 (4.4), 284 (4.0) nm  
IR νmax: 3389, 2934, 1738, 1462, 1387, 1061 cm-1  
HRMS (ESI-QTOF) m/z: 817.4030 [M – H]- (calcd for C43H61O15 817.4010) 
1H (600 MHz, pyridine-d5) NMR: See Table 18 
13C (150 MHz, pyridine-d5) NMR: See Table 18 
 
Arjunglucoside I (55)  
White amorphous powder  
C36H58O11 
[α]D
20= 14.7 (c 0.10, MeOH)  
IR νmax: 3387, 2937, 1693, 1463, 1327, 1233, 1040 cm-1  
HRMS (ESI-QTOF) m/z: 711.3958 [M + HCOOH – H]- (calcd for C37H59O13 
68 
 
711.3956) 
1H (500 MHz, pyridine-d5) NMR: δ 6.39 (1H, d, J = 8.2 Hz, H-1′), 5.51 (1H, br s, 
H-12), 4.46 (1H, dd, J = 2.1, 11.8 Hz, H-6′a), 4.41 (1H, dd, J = 5.0, 11.8 Hz, H-6′b), 
4.38 (1H, t, J = 9.3 Hz, H-4′), 4.31 (1H, t, J = 8.9 Hz, H-3′), 4.26 (1H, m, H-2) 4.22 
(1H, t, J = 8.7 Hz, H-2′), 4.20 (1H, d, J = 9.9 Hz, H-3), 4.20 (1H, d, J = 10.5 Hz, 
H-23a), 4.04 (1H, m, H-5′), 3.73 (1H, d, J = 10.5, H-23b), 3.57 (1H, br s, H-19), 
3.53 (1H, br s, H-18), 2.81 (1H, td, J = 13.2, 3.1 Hz, H-16a), 2.37 (1H, td, J = 13.8, 
2.4 Hz, H-15a), 2.30 (1H, dd, J = 4.2, 12.4 Hz, H-1a), 2.11 (1H, m, H-16b), 2.10 
(1H, m, H-9), 2.10 (2H, m, H-11), 2.06 (1H, m, H-22a), 2.05 (1H, m, H-21a), 1.95 
(1H, m, H-22b), 1.85 (1H, br d, J = 12.0 Hz, H-5), 1.72 (1H, m, H-6a), 1.71 (1H, m, 
H-7a), 1.56 (3H, s, H-27), 1.49 (1H, m, H-6b), 1.46 (1H, m, H-7b), 1.38 (1H, t, J = 
11.8 Hz, H-1b), 1.21 (1H, m, H-15b), 1.21 (3H, s, H-25), 1.15 (3H, s, H-26), 1.15 
(3H, s, H-29), 1.09 (3H, s, H-24), 1.05 (1H, m, H-6b), 0.99 (3H, s, H-30) 
13C (125 MHz, pyridine-d5) NMR: δ 177.8 (C-28), 144.9 (C-13), 124.3 (C-12), 
96.4 (C-1′), 81.5 (C-19), 79.8 (C-5′), 79.4 (C-3′), 78.8 (C-3), 74.6 (C-2′), 71.6 (C-
4′), 69.4 (C-2), 67.0 (C-23), 62.7 (C-6′), 49.0 (C-9), 48.6 (C-5), 48.0 (C-1), 47.0 
(C-17), 45.1 (C-18), 44.2 (C-4), 42.7 (C-14), 40.8 (C-8), 39.1 (C-10), 36.0 (C-20), 
33.6 (C-22), 33.4 (C-7), 29.5 (C-15), 29.4 (C-21), 29.3 (C-29), 28.5 (C-16), 25.4 
(C-27), 25.2 (C-30), 24.8 (C-11), 19.3 (C-6), 18.2 (C-25), 17.9 (C-26), 14.8 (C-24) 
 
Terminolic acid (56)  
White amorphous powder  
C30H48O6  
[α]D
20= 44.7 (c 0.10, MeOH)  
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IR νmax: 3411, 2938, 1693, 1463, 1386, 1044 cm-1  
HRMS (ESI-QTOF) m/z: 503.3384 [M – H]- (calcd for C30H47O6 503.3373) 
1H (600 MHz, pyridine-d5) NMR: See Table 19 
13C (150 MHz, pyridine-d5) NMR: See Table 19 
 
23-O-Galloylterminolic acid 28-O-β-D-glucopyranosyl ester (57)  
Light brown amorphous powder  
C43H62O15  
[α]D
20= 4.7 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 216 (4.5), 278 (4.1) nm  
IR νmax: 3412, 2939, 1706, 1462, 1365, 1231, 1062 cm-1  
HRMS (ESI-QTOF) m/z: 817.4025 [M – H]- (calcd for C43H61O15 817.4010) 
1H (600 MHz, pyridine-d5) NMR: See Table 19Table 1913C (150 MHz, pyridine-d5) 
NMR: See Table 19 
 
Arjunolic acid (58)  
White amorphous powder  
C30H48O5  
[α]D
20= 47.8 (c 0.10, MeOH)  
IR νmax: 3391, 2938, 1693, 1515, 1463, 1394, 1044 cm-1  
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HRMS (ESI-QTOF) m/z: 487.3436 [M – H]- (calcd for C30H47O5 487.3423) 
1H (400 MHz, pyridine-d5) NMR: See Table 20  
13C (100 MHz, pyridine-d5) NMR: See Table 20 
 
Arjunglucoside II (59)  
White amorphous powder  
C36H58O10  
[α]D
20= 51.8 (c 0.10, MeOH)  
IR νmax: 3365, 2939, 1726, 1463, 1061 cm-1  
HRMS (ESI-QTOF) m/z: 695.4022 [M + HCOOH – H]- (calcd for C37H59O12 
695.4007) 
1H (400 MHz, pyridine-d5) NMR: See Table 20 
13C (100 MHz, pyridine-d5) NMR: See Table 20 
 
23-O-Galloylarjunolic acid (60)  
White amorphous powder  
C37H52O9  
[α]D
20= 33.0 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 216 (4.5), 276 (4.0) nm  
IR νmax: 3401, 2923, 1695, 1684, 1201 cm-1  
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HRMS (ESI-QTOF) m/z: 639.3535 [M– H]- (calcd for C37H51O9 639.3535) 
1H (600 MHz, CD3OD) NMR: See Table 21 
13C (150 MHz, CD3OD) NMR: See Table 21 
 
23-O-Galloylarjunolic acid 28-O-β-D-glucopyranosyl ester (61)  
Light brown amorphous powder  
C43H62O14  
[α]D
20= 25.2 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 220 (4.4), 284 (4.0) nm  
IR νmax: 3418, 2943, 1695, 1613, 1348, 1236, 1031 cm-1  
HRMS (ESI-QTOF) m/z: 801.4066 [M – H]- (calcd for C43H61O14 801.4061) 
1H (600 MHz, pyridine-d5) NMR: See Table 21 
13C (150 MHz, pyridine-d5) NMR: See Table 21 
 
Arjunic acid (62)  
White amorphous powder  
C30H48O5  
[α]D
20= 32.0 (c 0.10, MeOH)  
IR νmax: 3404, 2935, 1692, 1515, 1463, 1296, 1042 cm-1  
HRMS (ESI-QTOF) m/z: 487.3432 [M – H]- (calcd for C30H47O5 487.3423) 
72 
 
1H (600 MHz, pyridine-d5) NMR: See Table 22 
13C (150 MHz, pyridine-d5) NMR: See Table 22 
 
Arjunetin (63)  
White amorphous powder  
C36H58O10  
[α]D
20= 32.4 (c 0.10, MeOH)  
IR νmax: 3394, 2938, 1739, 1515, 1463, 1387, 1061 cm-1  
HRMS (ESI-QTOF) m/z: 695.4018 [M + HCOOH – H]- (calcd for C37H59O12 
695.4007) 
1H (600 MHz, pyridine-d5) NMR: See Table 22 
13C (150 MHz, pyridine-d5) NMR: See Table 22 
 
Crataegioside (64)  
White amorphous powder  
C36H58O10  
[α]D
20= 33.8 (c 0.10, MeOH)  
IR νmax: 3394, 2936, 1707, 1515, 1463, 1348, 1200, 1063 cm-1  
HRMS (ESI-QTOF) m/z: 695.4011 [M + HCOOH – H]- (calcd for C37H59O12 
695.4007) 
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1H (600 MHz, pyridine-d5) NMR: δ 6.42 (1H, d, J = 8.1, H-1′), 5.55 (1H, br t, J = 
4.0 Hz, H-12), 4.47 (1H, m, H-6′a), 4.44 (1H, m, H-6′b), 4.41 (1H, t, J = 9.2 Hz, H-
4′), 4.32 (1H, t, J = 9.1, H-3′), 4.24 (1H, t, J = 8.6 Hz, H-2′), 4.23 (1H, m, H-3), 
4.19 (1H, d, J = 10.3 Hz, H-23a), 4.06 (1H, m, H-5′), 3.74 (1H, d, J = 10.3 Hz, H-
23b), 3.60 (1H, br s, H-19), 3.56 (1H, br s, H-18), 2.84 (1H, br t, J = 11.9 Hz, H-
16a), 2.40 (1H, t, J = 12.9 Hz, H-15a), 2.14 (1H, d, J=12.2 Hz, H-16b), 2.06 (1H, 
m, H-7a), 2.06 (1H, m, H-21a), 2.05 (2H, m, H-11), 1.97 (1H, m, H-9), 1.97 (1H, m, 
H-22a), 1.95 (1H, m, H-2a), 1.90 (1H, m, H-2b), 1.68 (1H, m, H-22b), 1.67 (1H, m, 
H-6a), 1.60 (3H, s, H-27), 1.58 (1H, m, H-1a), 1.57 (1H, m, H-5), 1.47 (1H, m, H-
7b), 1.46 (1H, m, H-6), 1.25 (1H, m, H-15b), 1.22 (3H, s, H-26), 1.16 (3H, s, H-29), 
1.09 (3H, s, H-24), 1.07 (1H, m, H-1b), 1.06 (1H, m, H-21b), 1.05 (3H, s, H-25), 
1.00 (3H, s, H-30) 
13C (150 MHz, pyridine-d5) NMR: δ 177.8 (C-28), 144.8 (C-13), 124.3 (C-12), 
96.4 (Glc C-1′), 96.4 (Glc C-1′), 81.5 (C-19), 79.8 (Glc C-5′), 79.4 (Glc C-3′), 74.6 
(Glc C-2′), 73.9 (C-3), 71.5 (Glc C-4′), 68.3 (C-23), 62.6 (Glc C-6′), 49.1 (C-5), 
48.9 (C-9), 47.0 (C-17), 45.1 (C-18), 43.4 (C-4), 42.6 (C-14), 40.7 (C-8), 39.1 (C-
1), 37.9 (C-10), 36.0 (C-20), 33.5 (C-22), 33.4 (C-7), 29.5 (C-15), 29.4 (C-21), 
29.2 (C-29), 28.5 (C-16), 28.2 (C-2), 25.4 (C-27), 25.1 (C-30), 24.7 (C-11), 19.3 
(C-6), 18.1 (C-26), 16.4 (C-25), 13.5 (C-24) 
 
Pinfaenoic acid 28-O-β-D-glucopyranosyl ester (65) 
White amorphous powder  
C36H56O10  
[α]D
20= 130.5 (c 0.10, MeOH)  
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IR νmax: 3387, 2935, 1738, 1644, 1515, 1463, 1385, 1068 cm-1  
HRMS (ESI-QTOF) m/z: 693.3864 [M + HCOOH – H]- (calcd for C37H57O12 
693.3850) 
1H (600 MHz, pyridine-d5) NMR: See Table 23 
13C (150 MHz, pyridine-d5) NMR: See Table 23 
 
23-O-Galloylpinfaenoic acid 28-O-β-D-glucopyranosyl ester (66) 
Yellowish amorphous powder  
C43H60O14  
[α]D
20= 21.4 (c 0.10, MeOH)  
UV (MeOH) λmax (log ε): 217 (4.8), 282 (4.8) nm  
IR νmax: 3365, 2937, 1739, 1691, 1516, 1462, 1342, 1233, 1041 cm-1  
HRMS (ESI-QTOF) m/z: 799.3889 [M – H]- (calcd for C43H59O14 693.3850) 
1H (800 MHz, pyridine-d5) NMR: See Table 23 
13C (200 MHz, pyridine-d5) NMR: See Table 23 
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Table 5. 1H NMR data for compounds 19-21 
 19a 20b 21b 
β-D-Glucose    
1 5.79, d (8.1) 5.72, d (8.2) 6.05, d (8.2) 
2 3.67, dd (8.5, 9.0) 3.64, t (8.6) 4.02, m 
3 3.90, dd, (9.0, 9.5) 3.85, t (9.3) 5.67, t (9.5) 
4 5.07, t (9.8) 4.99, t (9.7) 5.54, t (9.8) 
5 3.79, m 3.78, m 
4.38, ddd (1.8, 3.9, 
12.6) 
6a 3.77, dd (2.0, 12.5) 3.76, dd (2.0 12.4) 4.56, dd (1.5, 12.6) 
6b 3.63, dd (6.0, 12.5) 3.58, dd (5.8, 12.4) 4.45, dd (3.9, 12.6) 
1-O-Galloyl    
2′, 6′ 7.19, s 7.16, s 7.19, s 
4-O-Neochebuloyl    
2′ 5.70, d (1.5) 5.68, d (0.9) 4.81, s 
3′ 3.88, dd (1.5, 10.5) 3.78, dd (0.9, 10.5) 3.78, d (11.2) 
4′ 3.14, ddd (3.0, 10.5, 12.0) 3.07, td (11.3, 3.2) 
3.20, ddd (5.2, 9.1, 
11.2) 
5′a 3.07, dd (12.0, 17.0) 2.97, dd (11.6, 17.2) 2.80, dd (9.1, 17.5) 
5′b 2.37, dd (3.0, 17.0) 2.28, dd (3.2, 17.2) 2.43, dd (5.2, 17.5) 
2′′ 7.13, s 7.09, s 7.06, s 
  1′-O-Me 1′-O-Me 
  3.53, s 3.32, s 
   6′-O-Me 
   3.34, s 
   3-O-Galloyl 
2′′, 6′′   7.16, s 
   6-O-Galloyl 
2′′′, 6′′′   7.17, s 
1H NMR data were measured at a500 and b600 MHz in acetone-d6:D2O = 9:1, 
respectively. 
 
 
Table 6. 13C NMR data for compounds 19-21 
Position 19 20 21 
β-D-Glucose    
1 95.5 95.2 95.2 
2 74.5 73.9 72.8 
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3 75.5 74.9 75.9 
4 72.2 71.9 69.9 
5 76.6 76.3 73.4 
6 61.8 61.5 62.8 
1-O-Galloyl    
1′ 121.1 120.2 120.7 
2′, 6′ 110.4 110.1 110.5 
3′, 5′ 146.1 146.0 146.1 
4′ 139.4 139.5 139.5 
7′ 165.5 165.9 165.2 
4-O-Neochebuloyl    
1′ 171.1 170.6 169.7 
2′ 77.3 77.4 77.5 
3′ 37.3 36.8 36.4 
4′ 45.9 45.7 44.9 
5′ 34.9 34.9 34.6 
6′ 174.5 174.5 172.2 
7′ 173.9 174.3 173.5 
1′′ 117.1 115.8 116.9 
2′′ 109.4 109.2 109.4 
3′′ 146.0 146.2 145.9 
4′′ 139.0 139.4 139.1 
5′′ 143.5 143.3 143.5 
6′′ 117.6 116.9 116.6 
7′′ 164.0 164.4 163.4 
  1′-O-Me 1′-O-Me 
  52.9 52.8 
   6′-O-Me 
   51.9 
   3-O-Galloyl 
1′′   121.2 
2′′, 6′′   110.4 
3′′, 5′′   146.0 
4′′   139.1 
7′′   166.3 
   6-O-Galloyl 
1′′′   121.7 
2′′′, 6′′′   110.1 
3′′′, 5′′′   146.0 
4′′′   139.1 
7′′′   166.5 
13C NMR data were measured at a125 and b150 MHz in acetone-d6:D2O = 9:1, 
respectively. 
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Table 7. 1H NMR data for compounds 22-24 
 22a 23b 24b 
β-D-Glucose    
1 6.28, d (3.0) 6.16, d (4.1) 6.22, d (3.9) 
2 4.08, m  4.20, br d (4.1) 4.22, br d (3.9) 
3 4.90, m 4.90, d (3.2) 4.96, d (3.0) 
4 5.70, d (3.2) 5.67, d (3.3) 5.74, d (3.2) 
5 4.60, t (8.4) 4.57, m 4.53, t (7.8) 
6a 4.85, dd (8.9, 11.3) 4.61, m 4.66, dd (7.8, 11.3) 
6b 4.27, dd (7.9, 11.3) 4.30, dd (6.8, 10.4) 4.31, dd (7.8, 11.3) 
1-O-Galloyl    
2′, 6′ 7.07, s 7.12, s 7.15, s 
4-O-Neochebuloyl    
2′ 5.50, br s 5.56, d (1.1) 5.38, br s 
3′ 3.99, d (8.3) 3.97, dd (0.9, 9.4) 4.20, d (4.2) 
4′ 3.28, m  3.28, td (9.0, 5.3) 3.55, td (7.4, 3.2) 
5′a 2.86, dd (10.0, 17.4) 2.80, dd (8.6, 17.3) 2.91, dd (10.6, 17.1)  
5′b 2.46, dd (4.6, 17.4) 2.52, dd (5.2, 17.3) 2.43, dd (3.9, 17.1) 
2′′ 7.05, s 7.07, s 7.15, s 
  1′-O-Me 1′-O-Me 
  3.55, s 3.62, s 
  6′-O-Me 6′-O-Me 
  3.52, s 3.58, s 
HHDP    
5′ 6.75, s 6.85, s 6.89, s 
5′′ 6.74, s 6.71, s 6.74, s 
1H NMR data were measured at a500 MHz in CD3OD and b600 MHz in acetone-d6, 
respectively. 
 
Table 8 13C NMR data for compounds 22-24 
 22 23 24 
β-D-Glucose    
1 95.4 94.7 94.7 
2 69.6 69.9 70.4 
3 71.8 71.8 71.5 
4 65.2 65.2 65.3 
5 74.3 74.2 74.4 
6 65.1 64.5 64.6 
1-O-Galloyl    
1′ 120.7 120.2 120.7 
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2′, 6′ 110.9 110.3 110.5 
3′, 5′ 146.6 145.9 145.9 
4′ 140.6 139.5 139.5 
7′ 166.7 165.7 165.2 
4-O-Neochebuloyl    
1′ 172.6 170.6 170.9 
2′ 79.1 78.1 77.0 
3′ 37.0 35.8 35.9 
4′ 45.3 43.8 44.6 
5′ 34.8 34.1 32.1 
6′ 175.5 172.6 172.8 
7′ 173.6 172.5 171.5 
1′′ 116.4 116.1 117.1 
2′′ 109.3 108.9 108.6 
3′′ 146.9 146.2 146.1 
4′′ 140.7 139.3 139.3 
5′′ 144.2 143.3 142.9 
6′′ 117.6 116.4 116.8 
7′′ 166.8 164.3 163.4 
  1′-O-Me 1′-O-Me 
  53.0 53.2 
  6′-O-Me 6′-O-Me 
  52.1 52.1 
HHDP    
1′ 117.4 116.5 116.3 
2′ 145.8 144.8 144.9 
3′ 138.4 137.0 137.1 
4′ 145.4 144.8 144.8 
5′ 110.2 109.7 109.8 
6′ 125.3 125.0 125.4 
7′ 168.3 167.0 166.7 
1′′ 116.5 115.4 115.3 
2′′ 145.3 144.7 144.9 
3′′ 137.9 136.4 136.5 
4′′ 146.2 145.2 145.2 
5′′ 109.0 108.1 108.5 
6′′ 125.5 125.2 125.5 
7′′ 170.2 168.7 168.4 
13C NMR data were measured at a125 MHz in CD3OD and b150 MHz in acetone-d6, 
respectively. 
 
Table 9. 1H and 13C NMR data for compounds 29-30 
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Position 
29 30 
δH δC δH δC 
(-)-shikimic acid     
1  130.5  132.4 
2a 2.68, m 32.0 2.74, m 31.2 
2b 2.32, m   2.27, m  
3 4.27, dt (9.7, 4.8) 65.3 4.00, dd (3.8, 7.2) 67.8 
4 4.69, t (3.7) 74.8 4.15, dt (7.1, 5.0) 70.1 
5 5.11, dd (3.8, 7.3) 65.6 5.72, m 70.4 
6 6.84, m 138.8 6.75, dd (1.1, 2.3) 134.2 
7  169.1  168.3 
 4-O-Galloyl 5-O-Galloyl 
1′  121.7  121.0 
2′, 6′ 7.08, s  110.3 7.14, s  109.8 
3′, 5′  146.2  145.8 
4′  139.2  138.9 
7′  167.3  166.7 
1H NMR data were measured at 300 MHz in acetone-d6:D2O = 9:1. 13C NMR data 
were measured at 75 MHz in acetone-d6:D2O = 9:1. 
 
Table 10. 1H NMR data for compounds 31-33 
 31a 32b 33c 
Glucose α β α β α β 
1 5.10, d 
(3.7) 
4.54, d (7.8) 5.20, d (3.7) 4.71, d 
(8.0) 
5.33, d (4.2) 4.87, d (7.7) 
2 3.41 m 3.37, m 3.64, m 3.47, dd 
(8.0, 9.5) 
3.81, dd 
(4.2, 9.8) 
3.62, dd 
(7.7, 9.6) 
3 3.45, m 3.42, m 5.39, t (9.5) 5.16, t 
(9.0) 
5.70, t (9.7) 5.51, t (9.6) 
4 3.46, m 3.43, m 3.76, m 3.71, m 5.34, t (9.9) 5.33, m 
5 4.03, ddd 
(2.1, 4.9, 
10.0) 
3.58, m 4.20, ddd 
(2.1, 5.0, 
10.2) 
3.79, m 4.51, ddd 
(2.1, 5.0, 
10.2) 
4.12, ddd 
(2.1, 5.3, 
10.0) 
6 4.49, m 4.45, m 4.52, m 4.51, m 4.41, m 4.43, m 
 4.32, m 4.27, m 4.41, m  4.38, m 4.27, t (5.0) 4.25, t (5.4) 
6-O-Gal       
2′, 6′ 7.10, s 7.10, s 7.12, s 7.12, s 7.02, s 7.02, s 
3-O-Gal       
80 
 
2′′, 6′′   7.13, s 7.13, s 7.14, s 7.13, s 
4-O-Gal       
2′′′, 6′′′     7.01, s 6.99, s 
1H NMR data were measured at a300, b400, and c600 MHz in acetone-d6:D2O = 9:1, 
respectively. 
 
Table 11. 1H NMR data for compounds 34-37 
Position 34a 35b 36b 37a 
2 5.08, s 5.25, d (0.9) 5.35, d (0.9) 4.92, s 
3 
3.56, d (8.4) 3.90, dd 
(0.9, 9.1) 
3.84, dd  
(0.9, 8.7) 
3.94, d (4.4) 
4 
2.82, m   3.17, td  
(9.1, 5.5) 
3.12, td  
(4.6, 9.8) 
3.20, m 
5a 
2.67, dd  
(11.3, 16.9) 
2.84, dd  
(9.1, 16.9) 
2.85, dd  
(10.2, 17.1)  
2.57, dd  
(11.9, 16.8) 
5b 
2.06, dd  
(3.5, 16.9) 
2.46, dd  
(5.5, 16.9) 
2.35, dd  
(4.6, 17.1) 
1.87, dd  
(2.8, 16.8) 
2′ 6.87, s 7.03, s 7.04, s 6.96, s 
  OMe OMe  
  3.52, s 3.62, s  
1H NMR data were measured at 400 MHz in aDMSO-d6 and bCD3OD, respectively. 
 
Table 12. 13C NMR data for compounds 34-37 
Position 34a 35b 36b 37a 
1 170.8 172.5 171.3 171.3 
2 76.3 78.7 78.7 76.2 
3 35.6 37.1 37.1 34.9 
4 43.7 45.2 45.2 43.4 
5 34.1 35.1 35.1 31.5 
6 172.9 173.9 175.4 173.1 
7 174.4 176.6 176.7 174.2 
1′ 114.8 116.4 116.0 115.4 
2′ 107.6 109.2 109.2 107.2 
3′ 145.3 146.7 146.8 145.5 
4′ 138.7 140.6 140.7 139.2 
5′ 142.7 144.1 144.0 142.4 
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6′ 116.5 117.7 117.6 116.3 
7′ 163.3 166.7 166.3 163.4 
  OMe OMe  
  52.1 53.3  
13C NMR data were measured at 100 MHz in aDMSO-d6 and bCD3OD, respectively. 
 
Table 13. 1H and 13C NMR data for compounds 42-43 
Position 
42a 43b 
δH δC δH δC 
β-D-Glucose     
1 6.36, d (1.8) 94.9 6.21, d (4.6) 95.0 
2 3.98, d (1.8) 69.3 4.22, br d (4.6) 70.8 
3 4.80, br s 71.4 4.88, br s 73.2 
4 4.46, d (3.0) 62.3 5.67, d (3.1) 65.2 
5 4.16, dd (2.4, 8.4) 76.0 4.50, m  75.4 
6a 4.95, t (10.2) 64.9 4.51, m 65.0 
6b 4.52, t (10.2)  4.30, dd (10.8, 14.0)  
1-O-Galloyl   
1′  120.4  121.0 
2′, 6′ 7.05, s  110.8 7.12, s  110.6 
3′, 5′  146.2  146.4 
4′  140.2  139.8 
7′  166.5  166.4 
HHDP     
1′  117.0  117.0 
2′  145.4  145.3 
3′  138.0  137.4 
4′  145.1  145.2 
5′ 6.68, s 110.1 6.79, s 110.1 
6′  125.3  125.5 
7′  168.4  167.6 
1′′  116.5  116.1 
2′′  145.0  145.3 
3′′  137.5  137.0 
4′′  145.9  145.7 
5′′ 6.66, s 108.2 6.71, s 108.8 
6′′  125.4  125.6 
7′′  170.0  169.1 
   4-O-Galloyl 
1′    120.7 
2′′, 6′′   7.08, s 110.8 
3′′, 5′′    146.3 
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4′′    140.1 
7′′    166.3 
1H NMR data were measured at 400 MHz in aCD3OD and bacetone-d6, respectively. 
13C NMR data were measured at 100 MHz in aCD3OD and bacetone-d6, respectively. 
 
Table 14. 1H NMR data for compounds 44-45 
 44a 45b 
Glucose α β α β 
1 5.25, d (3.8) 4.72, d (7.8) 5.56, d (3.7) 5.08, d (8.1) 
2 
3.81, m 3.58, dd  
(7.8, 9.6) 
5.12, m 5.24, dd  
(6.4, 8.1) 
3 5.46, t (9.2) 5.28, t (9.6) 5.88, t (10.0) 5.61, t (9.8) 
4 4.92, t (10.4) 4.95, t (10.4) 5.11, m 5.11, m 
5 
4.53, dd  
(6.1, 10.2) 
4.07, dd  
(6.1, 9.8) 
4.67, dd  
(6.4, 9.8) 
4.27, dd  
(6.0, 9.9) 
6a 5.18, m 5.20, m 5.29, m 5.29, m 
6b 
3.74, m 3.81, m 3.77, dd 
(1.0, 13.0) 
3.85, br d  
(13.1) 
HHDP     
5′ 6.46, s 6.45, s 6.47, s 6.44, s 
5′′ 6.60, s 6.61, s 6.65, s 6.66, s 
 3-O-Galloyl 2-O-Galloyl 
2′, 6′ 7.02, s 7.01, s 7.06, s 7.05, s 
   3-O-Galloyl 
2′′, 6′′   6.98, s 6.94, s 
1H NMR data were measured at 400 MHz in aCD3OD and b acetone-d6:D2O = 9:1, 
respectively. 
 
Table 15. 1H NMR data for compounds 48-49 
 48a 49b 
Glucose α β α β 
1 5.11, d (3.5) 4.72, d (8.1) 5.30, m 4.92, m 
2 4.80, m 4.64, dd (8.1, 9.5) 4.85, m  4.66, dd (8.2, 9.3) 
3 5.22, t (9.6) 4.90, t (9.0) 5.28, m 5.02, t (9.7) 
4 4.77, t (9.6) 4.81, m 5.27, m 5.27, m 
5 3.27, td 2.70, td  4.13, m 3.80, m 
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(10.3, 1.4) (10.1, 1.6) 
6a 4.21, t (7.0) 4.18, t (7.2) 4.41, dd (1.7, 12.0) 4.51, dd (1.6, 12.2) 
6b 2.08, m 2.16, dd (1.4, 11.2) 4.04, m 4.07, m 
HHDP     
5′ 6.52, s 6.52, s 6.39, s 6.37, s 
5′′ 6.58, s 6.65, s 6.47, s 6.48, s 
 Gallagyl   
2′ 6.58, s 6.59, s   
2′′ 7.02, s 7.02, s   
   Flavogallonyl 
2′   7.20, s 7.16, s 
5′′′   7.44, s 7.43, s 
   6-O-Galloyl 
2′, 6′    6.84, s 6.82, s 
1H NMR data were measured at a600 and b400 MHz in acetone-d6:D2O = 9:1, 
respectively. 
 
Table 16. 1H NMR data for compounds 50-52 
Position 50a 51b 52b 
1a 2.31, dd (4.1, 12.3) 2.19, dd (4.2, 11.2) 2.19, m 
1b 1.43, m 1.42, t (11.9) 1.52, m 
2 4.28, td (10.5, 4.1) 4.20, m 4.21, m 
3 4.22, d (9.1) 4.11, d (9.1) 4.08, d (9.1) 
5 2.11, m 1.90, m 2.00, m 
6a 1.76, m 1.90, m 1.82, br d (11.7) 
6b 1.50, td (3.4, 12.3) 1.52, m 1.53, m 
7a 1.70, m 2.12, t (11.4) 2.13, m 
7b 1.35, m 1.64, d (12.6) 1.50, m 
9 1.88, d (11.5) 1.90, m 2.29, m 
11 2.14, m 2.05, m 2.05, m 
12 5.57, br t (4.1) 5.47, br t (4.2) 5.54, br t (4.0) 
15a 2.18, m 2.34, td (13.2, 3.2) 2.08, m 
15b 1.17, m 1.35, d (13.6) 1.30, d (12.8) 
16a 2.82, td (3.6, 12.70) 2.70, td (12.8, 2.4) 2.77, br t (12.1) 
16b 2.10, m 1.97, m 2.03, m 
18 3.61, br s 3.52, br s 3.61, br s 
19 3.63, br s 3.55, br s 3.59, br s 
21a 2.12, m 1.99, m 2.10, m 
21b 1.15, m 1.02, m 1.16, m 
22a 2.20, m 2.06, m 2.20, m 
22b 2.04, m 1.93, m 2.03, m 
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23a 4.22, d (10.5) 4.92, d (11.1) 4.97, d (11.0) 
23b 3.74, d (10.5) 4.41, d (11.1) 4.32, d (11.0) 
24 1.12, s 1.06, s 1.06, s 
25 1.09, s 1.08, s 1.07, s 
26 1.11, s 1.18, s 1.10, s 
27 1.59, s 1.89, s 1.88, s 
29 1.20, s 1.14, s 1.20, s 
30 1.12, s 1.00, s 1.13, s 
 
 Neochebuloyl 4'-epi-Neochebuloyl 
2'  6.00, s 5.80, s 
3'  5.03, d (8.3) 5.32, d (4.0) 
4'  4.12, m 4.52, br d (10.6) 
5'a  3.75, dd (10.3, 17.0) 3.70, dd (11.2, 16.8) 
5'b  3.23, dd (3.7, 17.0) 3.09, d (16.8) 
2''  7.89, s 7.94, s 
 
 β-D-Glucose  
1'''  6.39, d (8.1)  
2'''  4.21, t (8.4)  
3'''  4.31, t (8.9)  
4'''  4.40, m  
5'''  4.05, m  
6'''a  4.46, m  
6'''b  4.43, m  
1H NMR data were measured at a600 and b800 MHz in pyridine-d5, respectively. 
 
Table 17. 13C NMR data for compounds 50-52 
Position 50 51 52 
1 48.0 47.6 47.4 
2 69.3 69.1 69.2 
3 78.7 78.0 77.7 
4 44.2 43.6 43.6 
5 49.0 49.3 49.1 
6 19.2 19.5 19.5 
7 33.5 33.4 33.5 
8 40.6 40.8 40.6 
9 48.5 48.7 48.7 
10 39.1 39.0 39.0 
11 24.8 24.7 24.8 
12 123.5 123.9 124.2 
13 145.4 145.2 145.6 
14 42.7 42.8 42.9 
15 29.6 29.2 29.3 
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16 28.8 28.5 29.0 
17 46.5 47.0 46.6 
18 45.3 45.1 45.4 
19 81.6 81.6 81.9 
20 36.2 36.1 36.2 
21 29.6 29.5 29.8 
22 34.2 33.5 34.1 
23 66.9 68.6 68.4 
24 14.8 14.9 14.4 
25 17.8 17.8 17.7 
26 18.1 18.2 18.1 
27 25.3 25.6 25.3 
28 181.4 177.8 181.4 
29 29.4 29.2 29.2 
30 25.3 25.2 25.5 
  Neochebuloyl 4'-epi-Neochebuloyl 
1'  173.5 174.1 
2'  79.5 78.9 
3'  37.9 37.3 
4'  46.6 45.9 
5'  36.1 33.7 
6'  175.0 175.3 
7'  174.9 174.6 
1''  117.2 118.5 
2''  109.4 109.0 
3''  147.8 147.8 
4''  141.8 142.0 
5''  145.6 145.3 
6''  118.7 118.5 
7''  165.6 165.6 
  β-D-Glucose  
1'''  96.3 
 
2'''  74.7 
 
3'''  79.5 
 
4'''  71.6 
 
5'''  79.8 
 
6'''  62.6 
 
13C NMR data were measured at a150 and b200 MHz in pyridine-d5, respectively. 
 
Table 18. 1H and 13C NMR data for compounds 53-54 
Position 
53a 54b 
δH δC δH δC 
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1a 2.23, m 48.0 2.23, dd (4.3, 12.6) 48.1 
1b 1.24, m  1.21, m 
 
2 4.22, m 68.9 4.22, m 68.9 
3 3.94, d (9.3) 78.2 3.91, d (9.3) 78.3 
4  43.8 
 
43.8 
5 1.80, m 49.7 1.78, br d (12.1) 50.0 
6a 1.68, m 19.4 1.70, m 19.5 
6b 1.44, m  1.47, m 
 
7a 1.70, m 33.6 1.73, m 33.5 
7b 1.32, m  1.41, m 
 
8  40.5 
 
40.7 
9 2.06, m 49.3 2.05, m 49.3 
10  38.8 
 
38.9 
11 2.05, m 24.7 2.04, m 24.7 
12 5.55, br t (4.0) 123.5 5.50, br t (4.0) 124.3 
13  145.5 
 
144.9 
14  42.6 
 
42.6 
15a 2.16, m 29.3 2.29, td (13.9, 3.0) 29.3 
15b 1.18, m  1.17, m 
 
16a 2.77, td (14.0, 3.2) 28.9 2.76, td (13.2, 3.4) 28.5 
16b 2.08, m  2.08, m 
 
17  46.6 
 
47.0 
18 3.63, br s 45.3 3.52, br s 45.1 
19 3.61, br s 81.8 3.57, br s  81.6 
20  36.2 
 
36.0 
21a 2.05, m 29.7 2.05, m 29.5 
21b 1.15, m  1.06, m 
 
22a 2.17, m 34.1 2.06, m 33.5 
22b 2.02, m  1.96, m 
 
23a 4.74, d (11.1) 67.6 4.71, d (11.1) 68.0 
23b 4.51, d (11.1)  4.54, d (11.1) 
 
24 1.06, s 14.4 1.09, s 14.4 
25 1.06, s 17.6 1.09, s 17.7 
26 1.19, s 18.0 1.16, s 18.1 
27 1.72, s 25.4 1.66, s 25.3 
28  181.4 
 
177.7 
29 1.12, s 29.3 1.14, s 29.2 
30 1.05, s 25.2 0.99, s 25.2 
 
Galloyl  Galloyl 
1'  122.0 
 
122.1 
2',6'  7.89, s 110.6 7.85, s 110.6 
3',5'  148.2  148.2 
4'  141.5  141.4 
7'  167.7  167.6 
 
  β-D-Glucose 
1''   6.38, d (8.2) 96.4 
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2''   4.22, t (8.6) 74.6 
3''   4.30, t (8.9) 79.5 
4''   4.38, t (9.2) 71.6 
5''   4.05, m 79.8 
6''a   4.47, dd (2.4, 11.9) 62.7 
6''b   4.42, dd (4.3, 11.9) 
 
1H NMR data were measured at a400 and b600 MHz in pyridine-d5, respectively. 
13C NMR data were measured at a100 and b150 MHz in pyridine-d5, respectively. 
Table 19. 1H and 13C NMR data for compounds 56-57 
Position 
56 57 
δH δC δH δC 
1a 2.39, dd (3.8, 12.1) 50.6 2.32, dd (3.8, 12.0) 50.6 
1b 1.50, t (11.8)  1.30, m 
 
2 4.43, m 69.6 4.38, m 69.0 
3 4.25, d (9.3) 78.9 4.04, d (9.4) 78.6 
4  45.0 
 
44.4 
5 2.01, m  49.4 1.94, m 50.2 
6 5.11, br s 68.1 4.89, br s 68.1 
7a 2.01, m 41.6 1.93, m 41.7 
7b 1.84, m  1.84, m  
8  39.9 
 
39.9 
9 2.10, m 49.3 1.94, m 49.6 
10  38.7 
 
38.6 
11a 2.09, m 24.2 2.00, m 24.0 
11b 1.94, br d (12.8)  1.89, m  
12 5.58, br s 123.4 5.52, br s 123.4 
13  144.7 
 
144.0 
14  43.3 
 
 
15a 2.33, m 28.8 2.38, br t (12.9) 28.5 
15b 1.22, m  1.11, m  
16a 2.29, m 24.6 2.24, m 24.5 
16b 2.20, m  2.08, m  
17  47.2 
 
47.5 
18 3.35, d (10.9) 42.6 3.21, d (11.4) 42.4 
19a 1.80, m 46.9 1.72, m 46.7 
19b 1.32, br d (11.8)  1.25, m  
20  31.5 
 
31.2 
21a 1.45, m 34.7 1.31, m 34.5 
21b 1.20, td (13.8, 3.0)  1.07, m  
22a 2.05, m 33.7 1.81, m 32.9 
22b 1.81, m  1.73, m  
23a 4.42, d (10.4) 66.7 4.94, d (10.9) 67.6 
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23b 4.06, d (10.4)  4.80, d (10.9)  
24 1.76, s 16.4 1.78, s 16.1 
25 1.80, s 19.5 1.78, s 19.5 
26 1.64, s 19.1 1.70, s 19.3 
27 1.25, s 26.8 1.19, s 26.4 
28  180.7 
 
176.9 
29 0.94, s 33.7 0.91, s 33.6 
30 1.02, s 24.3 0.88, s 24.1 
 
  Galloyl 
1'    121.9 
2',6'   7.84, s 110.5 
3',5'    148.1 
4'    141.5 
7'    167.7 
 
  β-D-Glucose 
1''   6.29, d (7.9) 96.3 
2''   4.18, t (8.4) 74.5 
3''   4.27, t (8.7) 79.2 
4''   4.37, t (9.6) 71.6 
5''   4.02, m 79.7 
6''a   4.45, dd (2.2, 11.6) 62.6 
6''b   4.40, m  
1H NMR data were measured at 600 MHz in pyridine-d5. 13C NMR data were 
measured at 150 MHz in pyridine-d5. 
 
Table 20. 1H and 13C NMR data for compounds 58-59 
Position 
58 59 
δH δC δH δC 
1a 2.32, dd (3.8, 12.2) 48.2 2.32, dd (3.7, 12.6) 48.3 
1b 1.40, m  1.40, m  
2 4.25, m  69.4 4.26, m 69.4 
3 4.22, d (8.2) 78.6 4.21, d (8.2) 78.7 
4  44.2  44.2 
5 1.85, m 48.4 1.83, m 48.5 
6a 1.76, m 19.0 1.72, m 19.1 
6b 1.46, m  1.45, m  
7a 1.66, m 33.7 1.65, m 33.3 
7b 1.33, m  1.37, m  
8  40.3  40.5 
9 1.93, m 48.7 1.90, m 48.7 
10  38.9  38.9 
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11 2.06, m 24.2 2.03, m 24.5 
12 5.48, br t (3.2) 123.0 5.44, br s (3.2) 123.4 
13  145.3  144.7 
14  42.7  42.7 
15 2.17, m 28.8 2.35, m 28.7 
 1.16, m  1.13, m  
16 2.06, m 24.5 2.05, m 23.9 
 1.96, m  1.94, br d (13.0)  
17  47.1  47.5 
18 3.30, dd (4.1, 13.8) 42.4 3.20, dd (3.7, 13.7) 42.3 
19 1.78, m 46.8 1.72, m 46.7 
 1.27, m  1.23, m  
20  31.4  31.3 
21 1.36, m 34.7 1.33, m 34.5 
 1.13, m  1.08, m  
22 1.83, m 33.4 1.83, m 33.1 
 1.67, m  1.74, m  
23 4.24, d (10.5) 66.9 4.22, d (10.5) 67.0 
 3.74, d (10.5)  3.73, d (10.5)  
24 1.09, s 14.9 1.08, s 14.9 
25 1.06, s 18.0 1.11, s 18.0 
26 1.09, s 17.9 1.17, s 18.1 
27 1.22, s 26.6 1.17, s 26.6 
28  180.7  177.0 
29 0.93, s 33.7 0.89, s 33.6 
30 1.11, s 24.1 0.89, s 24.2 
 
    
 
  β-D-Glucose 
1'   6.34, d (8.1) 96.3 
2'   4.22, t (8.6) 74.6 
3'   4.31, t (8.9) 79.4 
4'   4.38, t (9.2) 71.7 
5'   4.05, m 79.9 
6'a   4.49, br d (10.5) 62.8 
6'b   4.42, dd (4.3, 10.9)  
1H NMR data were measured at 400 MHz in pyridine-d5. 13C NMR data were 
measured at 100 MHz in pyridine-d5. 
 
Table 21. 1H and 13C NMR data for compounds 60-61 
Position 
60 61 
δH δC δH δC 
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1a 2.19, dd (4.4, 12.7) 48.2 2.24, dd (4.1, 12.4) 48.3 
1b   1.21, m  
2 4.17, td (10.3, 4.3) 68.8 4.21, m 68.8 
3 3.95, d (9.3) 78.2 3.97, d (9.4) 78.2 
4  43.7  43.7 
5 1.70, m 49.2 1.73, m 49.5 
6a 1.59, m 19.2 1.63, m 19.2 
6b 1.36, m  1.41, m  
7a 1.57, m 33.5 1.61, m 33.4 
7b 1.21, m  1.31, m  
8  40.2  40.4 
9 1.74, m 49.0 1.77, m 49.1 
10  38.7  38.7 
11 1.91, m 24.4 1.96, m 24.4 
12 5.41, br t (3.3) 122.7 5.41, br t (3.3) 122.0 
13  145.4  144.7 
14  42.6  42.6 
15 2.02, m 28.5 2.27, m 28.5 
 1.00, m  1.07, m  
16 1.99, m 24.1 1.97, m 23.9 
 1.85, m  1.90, br d (13.3)  
17  47.1  47.5 
18 3.23, dd (4.6, 14.1) 42.5 3.18, dd (4.0, 13.7) 42.3 
19 1.67, m 46.8 1.69, m 46.6 
 1.19, m  1.21, m  
20  31.4  31.2 
21 1.36, m 34.7 1.32, m 34.5 
 1.14, m  1.08, m  
22 1.97, m 33.6 1.82, m 33.0 
 1.75, m  1.73, m  
23 4.67, d (11.0) 67.2 4.71, d (11.1) 67.5 
 4.50, d (11.0)  4.53, d (11.1)  
24 1.00, s 14.5 1.06, s 14.1 
25 0.94, s 17.9 1.05, s 17.8 
26 0.94, s 17.7 1.08, s 18.1 
27 1.13, s 26.4 1.15, s 26.3 
28  180.6  176.9 
29 0.89, s 33.7 0.90, s 33.8 
30 0.94, s 24.2 0.88, s 24.1 
 
Galloyl Galloyl 
1'  122.0  122.0 
2',6'  7.85, s 110.6 7.87, s 110.5 
3',5'  148.2  148.1 
4'  141.5  141.4 
7'  167.6  167.6 
   β-D-Glucose 
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1''   6.33, d (8.1) 96.2 
2''   4.20, t (8.7) 74.6 
3''   4.29, t (8.9) 79.4 
4''   4.37, t (9.2) 71.6 
5''   4.05, m 79.8 
6''a   4.48, dd (2.2, 11.9) 62.7 
6''b   4.42, dd (4.4, 11.9)  
1H NMR data were measured at 600 MHz in pyridine-d5. 13C NMR data were 
measured at 150 MHz in pyridine-d5. 
 
Table 22. 1H and 13C NMR data for compounds 62-63 
Position 
62 63 
δH δC δH δC 
1a 2.23, m  48.0 2.27, dd (4.3, 12.4) 48.1 
1b 1.27, m   1.30, m  
2 4.08, td (10.3, 4.3) 69.1 4.13, td (11.0, 4.3) 69.1 
3 3.36, d (9.4) 84.3 3.40, d (9.4) 84.3 
4  40.4 
 
40.3 
5 1.03, m  56.5 1.06, m 56.5 
6a 1.56, m 19.5 1.58, m 19.6 
6b 1.42, m  1.47, m  
7a 1.54, m 33.8 1.59, m 33.7 
7b 1.35, m  1.49, m  
8  40.6 
 
40.8 
9 1.97, m 48.9 1.99, m 48.9 
10  39.2 
 
39.2 
11 2.08, m 24.8 2.10, m 24.8 
12 5.53, br t (3.2) 123.9 5.52, br t (3.2) 125.0 
13  145.4 
 
144.9 
14  42.7 
 
42.6 
15a 2.17, m 29.8 2.41, td (13.8, 3.0) 29.5 
15b 1.22, m  1.30, m  
16a 2.82, m 28.8 2.86, td (13.3, 3.4) 28.5 
16b 2.12, m  2.16, m  
17  46.5 
 
47.0 
18 3.58, br s 45.3 3.55, br s 45.1 
19 3.60, br s 81.7 3.59, br s 81.5 
20  36.2 
 
36.0 
21a 2.10, m 29.6 2.07, m 29.4 
21b 1.13, m  1.06, m  
22a 2.17, m 34.1 2.08, m 33.5 
92 
 
22b 2.02, m  1.98, m  
23 1.27, s  29.7 1.28, s 29.8 
24 1.10, s 18.0 1.11, s 18.1 
25 1.06, s 18.1 1.07, s 18.1 
26 1.01, s 17.3 1.19, s 17.4 
27 1.61, s 25.3 1.63, s 25.4 
28  181.4 
 
177.7 
29 1.17, s 29.3 1.16, s 29.2 
30 1.10, s 25.3 1.00, s 25.1 
 
  β-D-Glucose 
1'   6.41, d (8.1) 95.7 
2'   4.25, t (9.4) 73.9 
3'   4.32, t (8.9) 78.7 
4'   4.40, m 70.9 
5''   4.06, m 79.1 
6'   4.46, m 61.9 
1H NMR data were measured at 600 MHz in pyridine-d5. 13C NMR data were 
measured at 150 MHz in pyridine-d5. 
 
Table 23. 1H and 13C NMR data for compounds 65-66 
Position 
65a 66b 
δH δC δH δC 
1a 2.41, dd (4.2, 12.4) 48.9 2.29, dd (4.1, 12.6) 48.8 
1b 1.43, m  1.15, m  
2 4.28, m 69.5 4.22, m 68.9 
3 4.23, d (9.7) 78.7 3.95, d (9.3) 78.1 
4  44.1 
 
43.7 
5 1.86, d (11.8)  48.6 1.74, d (11.9) 49.4 
6a 1.72, m 18.9 1.60, m 19.0 
6b 1.43, m  1.37, m  
7a 1.75, m 35.2 1.70, m 35.2 
7b 1.46, m  1.39, m  
8  40.1 
 
40.0 
9 1.74, m 48.9 1.63, m 49.1 
10  38.7 
 
38.5 
11 2.10, m 24.2 2.02, m 24.1 
12 5.71, br t (3.8) 127.1 5.68, dd (2.4, 4.8) 126.9 
13  139.3 
 
139.4 
14  45.5 
 
45.4 
15a 2.45, m 29.5 2.40, td (13.6, 3.4) 29.3 
15b 1.18, m  1.13, m  
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16a 2.19, td (13.8, 3.0) 31.5 2.17, br d (13.7) 31.4 
16b 1.68, td (14.4, 3.0)  1.67, m  
17  50.4 
 
50.4 
18  134.3  134.3 
19  136.4  136.4 
20 2.13, m 35.1 2.14, dt (15.1, 7.7) 35.1 
21a 2.09, m 27.3 2.06, m 27.2 
21b 1.26, br d (12.8)  1.25, m  
22a 2.56, td (12.6, 3.0) 35.8 2.52, td (12.8, 3.2) 35.7 
22b 1.49, m  1.43, m  
23a 4.23, d (10.4) 67.0 4.75, d (11.1) 67.3 
23b 3.74, d (10.4)  4.50, d (11.1)  
24 1.08, s 14.9 1.04, s 14.7 
25 1.14, s 18.7 1.05, s 18.5 
26 1.22, s 19.1 1.15, s 19.1 
27 1.03, s 22.6 1.09, s 22.4 
28  175.2 
 
175.2 
29 1.79, s 20.0 1.77, s 20.1 
30 1.02, d (7.0) 19.1 1.03, d (7.0) 19.2 
 β-D-Glucose β-D-Glucose 
1' 6.35, d (8.2) 96.3 6.34, d (8.2) 96.3 
2' 4.17, t (8.6) 74.6 4.16, t (8.6) 74.6 
3' 4.28, t (9.0) 79.4 4.28, t (9.0) 79.4 
4' 4.36, t (9.1) 71.7 4.35, t (9.3) 71.6 
5' 4.00, m 79.6 4.00, m 79.7 
6'a 4.40, m 62.8 4.41, dd (2.0, 11.6) 62.8 
6'b   4.38, dd (4.2, 11.6)  
   Galloyl 
1''    121.9 
2'',6''   7.88, s 110.5 
3'',5''    148.2 
4''    141.4 
7''    167.6 
1H NMR data were measured at a600 and b800 MHz in pyridine-d5, respectively. 
13C NMR data were measured at a150 and b200 MHz in pyridine-d5, respectively. 
 
2.5. General partial hydrolysis and acid hydrolysis 
Partial hydrolysis: Solutions of compound 3, 18, 23, and 24 (each 4 mg) in water 
were heated to 80°C for 10 h. The reaction mixtures were submitted to HPLC 
analysis to reveal the presence of corilagin (42, tR 24.2 min), and corilagin (42) was 
94 
 
purified from each reaction mixtures by semi-preparative HPLC (MeCN/H2O with 
0.1% formic acid 11:89).  
Acid hydrolysis: Compounds 3, 20, 21, 23, 24 (each 4.0 mg), 51, and 52 (each 
0.5 mg) were dissolved in 1N H2SO4 (2 ml) and solution was heated to 80°C for 4 h. 
After neutralizing acidic solution with saturated Na2CO3 solution, the solvent was 
evaporated to dryness under nitrogen gas. The reaction mixtures were submitted to 
HPLC analysis to reveal the presence of chebulic acid (34, tR 5.7 min, compound 3, 
20, 21, 23, and 51) or neochebulic acid (37, tR 5.2 min, compound 24 and 52), 
respectively. The chebulic acid and neochebulic acid were purified from each 
reaction mixtures by semi-preparative HPLC (MeCN/H2O with 0.1% formic acid 
1:99). 
 
2.6. Determination of absolute configuration of sugar 
Compounds 3, 11, 12, 13, 18, 20, 21, 23, 24 (each 1 mg), 51, and 66 (each 0.5 
mg) were hydrolyzed by 1 N H2SO4 (1 ml) heated at 80°C for 4 h and neutralized 
with saturated aqueous Na2CO3 solution. After the solution was dried in vacuo, 
each residue was dissolved in pyridine (0.2 ml) containing L-cysteine methyl ester 
hydrochloride (1.0 mg) and heated at 60°C for 1 h. One microliter of o-
torylisothiocyanate was added to the mixtures, which were heated at 60°C for 1 h. 
Each final mixture was directly analyzed by analytical RP-HPLC (solvent system: 
aqueous 0.1% formic acid (A) and MeCN (B), gradient condition: 20% to 40% B 
in 40 min, 1 ml/min). The tR of the peak at 20.9 and 27.6 min coincided with that of 
the thiocarbamoyl thiazolidine derivatives of D-glucose and L-rhamnose, 
respectively. 
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2.7. Evaluation of Baker’s yeast α-glucosidase inhibitory activity 
The assay to test the inhibition of the Baker’s yeast α-glucosidase activity was 
performed as described by Escandon-Rivera et al. with some modifications 
(Escandon-Rivera et al., 2012). Briefly, 80 μL of 0.11 U/mL α-glucosidase (from 
Saccharomyces cerevisiae) in 50 mM PBS buffer (pH 7.0) and 40 μL of the 
samples were mixed and incubated at 36˚C for 10 min in a 96-well microtiter plate. 
Then, 80 μL of 1.35 mM p-nitrophenyl-α-D-glucopyranoside (PNPG) was added to 
initiate the reaction. The reaction mixture was incubated at 36˚C for 10 min and 
monitored using a microplate reader at a wavelength of 405 nm. The absorbance of 
the mixture was measured every 2.5 min up to 5 min. The reaction mixture with the 
test solution replaced by equivalent PBS buffer was used as a control, and acarbose 
was used as a positive control. Inhibition of α-glucosidase was calculated with the 
following equation: % inhibition = [1-(ΔAbssample/ΔAbscontrol)]×100. All the samples 
were measured in triplicate. The half-maximal inhibitory concentration (IC50) value 
was calculated using GraphPad Prism 5 (Graphpad Software, CA, USA) with a 
dose-inhibition curve with at least six appropriate concentrations. The mode of 
inhibition of samples was measured with various concentrations of PNPG as a 
substrate in the absence or presence of acarbose or compound. The inhibition mode 
was determined by Lineweaver-Burk plot analysis. The initial velocity was the rate 
of absorbance at 405 nm per 1 min in the assay. Inhibition constants (Ki) were 
determined by Dixon plot. All the assays were conducted in triplicate. 
 
2.8. Evaluation of rat intestinal α-glucosidase inhibitory activity 
The inhibitory activity of all isolated compounds against rat intestinal α-
glucosidase was determined by the method of Shai et al., with some modifications 
(Shai et al., 2011). Twenty microliter of the sample solution was added in a 96-well 
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microtiter plate. Then, 40 µL of 0.90 mg/mL of PNGP was added into each well. 
Rat intestinal acetone powder (2 mg/mL in buffer, pH 6.9) was sonicated for 30 
min. The suspension was centrifuged at 10,000 g for 15 min. The supernatant was 
used as α-glucosidase enzyme solution. The reaction was initiated by addition of 40 
µL of the enzyme to the reaction mixture in microtiter plates. The plates were 
incubated for 30 min at 36°C and then monitored using a microplate reader at a 
wavelength of 405 nm. The reaction mixture with the sample solution replaced by 
equivalent PBS buffer was used as a control, and acarbose was used as a positive 
control. Inhibition of α-glucosidase was calculated with the following equation: % 
inhibition = [1-(ΔAbssample/ΔAbscontrol)]×100. All the samples were measured in 
triplicate. 
 
2.9. Evaluation of porcine pancreatic α-amylase inhibitory activity 
The assay to test the inhibition of the α-amylase activity was performed as 
described by Kusano et al. with some modifications (Kusano et al., 2011). The 
substrate solution was prepared as follows: potato starch (250 mg) was suspended 
in 50 mL of 50 mM PBS buffer (pH 7.0) and heated for 20 min at 90˚C. The test 
sample (20 μL) and substrate (40 μL) solutions were mixed in a 96-well microtiter 
plate, and the mixtures were incubated at 36˚C for 3 min. Then, 20 μL of porcine 
pancreas amylase solution (60 U/mL) were added to each well, and the plate was 
further incubated for 15 min. Forty microliters of 0.2 M HCl was added to 
terminate the reaction, followed by the addition of 100 μL of 2 mM iodine solution. 
The absorbances were measured at 650 nm. The inhibitory activity (%) was 
calculated as follows:  
(%) Inhibition = [{1-(Abs 1-Abs 2)/(Abs 3- Abs 4) × 100] 
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 where Abs 1 is the absorbance of the incubated solution containing the sample 
and substrate; Abs 2 is the absorbance of the incubated solution containing the 
sample, substrate, and enzyme; Abs 3 is the absorbance of the incubated solution 
containing the substrate, and Abs 4 is the absorbance of the incubated solution 
containing the substrate and enzyme. 
 
2.10. Evaluation of protein-tyrosine phosphatase 1B (PTP-1B) 
inhibitory activity 
The inhibitory activity of all isolated compounds against PTP-1B was 
determined by the method of Abdjul et al., with some modifications (Abdjul et al., 
2016). Briefly, 40 μL of 0.25 μg/mL of PTP-1B in 50 mM citrate buffer (pH 6.0) 
containing 1 mM dithiothreitol, 1 mM EDTA, and 0.1 M NaCl and 20 μL of the 
samples were mixed and incubated at 36˚C for 10 min in a 96-well microtiter plate. 
Then, 40 μL of 10 mM p-nitrophenylphosphate (pNPP) was added to initiate the 
reaction. The reaction mixture was incubated at 36˚C for 20 min and monitored 
using a microplate reader at a wavelength of 405 nm. The absorbance of the 
mixture was measured every 10 min up to 20 min. The reaction mixture with the 
test solution replaced by equivalent citrate buffer was used as a control, and 
oleanolic acid was used as a positive control. Inhibition of PTP-1B was calculated 
with the following equation: % inhibition = [1-(ΔAbssample/ΔAbscontrol)]×100. All the 
samples were measured in triplicate.  
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III. Result and discussion 
1. Tracking α-glucosidase inhibitory constituents from T. 
chebula fruits with HPLC-based activity profiling  
The inhibitory activity of fractions of T. chebula fruits against Baker’s yeast α-
glucosidase was shown in Table 24 .  
Table 24. Inhibitory activity of the fractions of T. chebula fruits against Baker’s 
yeast α-glucosidase 
Fraction IC50 (μg/ml) 
n-Hexane fr. >200 
CHCl
3
 fr. 132.3 ± 24.8 
n-BuOH fr. 24.9 ± 4.7 
B1 fr. 56.8 ± 9.4 
B2 fr. 11.9 ± 1.6 
B3 fr. 17.5 ± 1.6 
B4 fr. 84.7 ± 9.8 
Acarbose 
(positive control) 
173.9 ± 25.6 
 
As shown in Table 24, B2 and B3 fractions had the most significant inhibitory 
activity (IC50 11.9 ± 1.6 and 17.5 ± 1.6 μg/ml, respectively). Thus, B2 and B3 was 
selected to perform HPLC-based activity profiling. To localize the active 
constituents, the B2 and B3 were microfractionated by semi-preparative HPLC into 
a 96-deep-well plates, which were lyophilized by freeze dryer, and residue in each 
microfraction was dissolved in buffer and assayed against Baker’s yeast α-
glucosidase. Figure 7 and 8 displayed the inhibitory effects of each microfraction. 
In this study, the inhibition hit limit was set at 20 %. In the B2 fraction, five 
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microfractions (23, 25, 26, 36, and 37) were found to be active. However, two 
microfractions (12 and 21) showed low inhibitory activity despite the large peak 
area. In the B3 fraction, six microfractions (12, 13, 20, 26, 39, and 41) were found 
to be active. To achieve preliminary information of each bioactive well, 
dereplication was performed by UHPLC-qTOF-MS and to verify the research 
method, further studies (dereplication and targeted isolation) were also performed 
to two non-bioactive microfractions.  
 
Figure 7. HPLC-based acitivity profiling of B2 fraction 
 
Figure 8. HPLC-based acitivity profiling of B3 fraction 
Dereplication of these microfractions was performed based on their UV, HRMS, 
and MS/MS fragment. In addition, following spectral features of UV spectrum and 
MS/MS fragment were used for dereplication (Hanhineva et al., 2008; Pfundstein 
et al., 2010; Yang et al., 2012).  
UV/Vis spectra: 
1) Simple gallotannins have characteristic UV-Vis spectra with a maximum at 
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220 and 280 nm. 
2) Ellagitannins have UV-Vis spectra with maximum absorbance below 275 nm. 
3) The more HHDP unit presents, the higher is the relative intensity at 240-250 
nm. 
4) Ellagic acid unit containing compounds have characteristic UV/Vis spectra 
with a maximum at 254 and 365 nm.  
MS/MS fragmentation: 
1) Gallic acid esters loss of m/z 152 (galloyl) and 170 (gallate) from quasi-
molecular ion [M – H]- and provide fragment ion at m/z 169 [Gallic acid 
(C7H6O5) – H]-. 
2) Ellagitannins and ellagic acid glycosides loss of m/z 302 (ellagic acid) from 
quasi-molecular ion and provide fragment ion at m/z 301 [Ellagic acid 
(C14H6O8) – H]- (Because free HHDP unit is simultaneously converted into 
ellagic acid). 
3) Chebulic ellagitannins provide fragment ion at m/z 337 [Neochebuloyl 
(C14H12O11) – H2O – H]- or m/z 351 [Methyl neochebuloyl (C15H14O11) – 
H2O – H]-. 
4) 2,4-O-Chebuloyl moiety containing compounds loss of m/z 320 from quasi-
molecular ion. 
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Figure 9. Features of MS fragmentation for dereplication of active microfractions. 
 
Based on above features, thirteen compounds are tentatively identified as 
follows (Table 25 and Table 26). Especially, peak 12 and 13 were assumed as new 
compounds. The targeted isolation and inhibitory activity evaluation of the thirteen 
compounds were performed.  
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Table 25. Tentative identification of peaks from B2 fraction. 
Microfraction 
No. 
Peak 
No. 
tR 
observed m/z 
(Δ ppm) 
calculated 
m/z 
Molecular 
formula [M-H]- 
MS fragments  
UV 
(λmax, 
nm) 
Tentative ID 
B2-12 1 5.53  635.0905 (3.3) 635.0884 C27H23O18 
483, 465, 313, 
295, 169 
222, 278 
Trigalloyl glucose 
 
B2-21 
2 6.70  
953.0894 
 (-0.2) 
953.0896 C41H29O27 
633, 463, 337, 
301, 169 
226, 275 Chebulagic acid 
3 7.00  
985.1165  
(0.7) 
985.1158 C42H33O28 
633, 463, 351, 
301, 169 
226, 276 Methyl neochebulagate 
B2-23 4 6.80  
987.1324  
(0.9) 
985.1315 C42H35O28 
635, 483, 465, 
351, 169 
226, 280 Methyl neochebulinate 
B2-25 
5 7.10  
787.0992  
(-0.3) 
787.0994 C34H27O22 
635, 617, 465, 
447, 169 
221, 278 Tetragalloyl glucose 
6 7.16  
787.0990  
(-0.5) 
787.0994 C34H27O22 
635, 617, 465, 
447, 169 
221, 278 Tetragalloyl glucose 
B2-36 7 7.86  955.1058 (0.5) 955.1053 C41H31O27 
785, 767, 635, 
465, 337, 169 
228, 279 Chebulinic acid 
B2-37 8 8.27  939.1124 (2.1) 939.1104 C41H31O26¡¡ 
787, 769, 617, 
599, 447, 169 
226, 
280¡¡ 
¡¡1,2,3,4,6-O-
Pentagalloyl glucose 
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Table 26. Tentative identification of peaks from B3 fraction. 
Microfraction 
No. 
Peak 
No. 
tR 
observed m/z 
(Δ ppm) 
calculated 
m/z 
Molecular 
formula  
[M-H]- 
MS fragments  
UV 
(λmax, 
nm) 
Tentative ID 
B3-12 7 7.86 
955.1077 
(2.5) 
955.1053 C41H31O27 
785, 767, 617, 
465, 337, 169 
228, 
279 
Chebulinic acid 
B3-13 8 8.28 
939.1119 
(1.6) 
939.1104 C41H31O26 
787, 769, 617, 
599, 447, 169 
226, 
280 
1,2,3,4,6-O-Pentagalloyl 
glucose 
B3-20 9 9.46 
599.0679 
(1.0) 
599.0673 C27H19O16 447, 301, 169 
254, 
361 
4-O-(4''-O-Galloyl-α-L-
rhamnosyl)ellagic acid 
B2-25 
10 11.1 
751.0765 
(-2.4) 
751.0783 C34H23O20 
599, 449, 300, 
169 
254, 
361 4-O-(2′′,4′′-Di-O-galloyl-
α-l-rhamnosyl)ellagic acid 
and its isomer 11 11.3 
751.0795 
(1.6) 
751.0783 C34H23O20 
599, 449, 300, 
169 
255, 
361 
B3-39 12 15.4 917.1437 
(2.6) 
917.1413 C41H33O23 765, 747, 595, 
579, 447, 169 
223, 
281 
Unknown 
B3-41 13 15.6 765.1323 
(2.6) 
765.1303 C36H29O19 613, 595, 443, 
425, 169 
223, 
279 
Unknown 
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2. Elucidation of chemical structures of isolated compounds 
from T. chebula with HPLC-based activity profiling.  
2.1. Compound 1 
Compound 1 was obtained as white amorphous powder. The negative HRESIMS 
spectrum of 1 gave an [M – H]- ion at m/z 635.0982 (calcd for C27H24O18, 
635.0884), indicating a molecular formula of C27H24O18. The 1H NMR showed 
signals for three galloyl groups [δH, 7.16, 7.13, 7.09 (each 2H, s), Gal-H-2′′, 6′′, 
Gal-H-2′, 6′, Gal-H-2′′′, 6′′′]. The presence of β-glucopyranose was deduced from 
large coupling constants of glucose H-1 (d, J = 8.2 Hz) signal (Figure 10). The 
locations of the three galloyl groups in the glucose moiety were determined to be 
the C-1, 3, and 6 positions by strongly downfielded 1H NMR signals of H-1 (δH 
5.83), H-3 (δH 5.27), and H-6 (δH 4.58 and 4.45). From obtained spectral data and 
above analysis, compound 1 was identified as 1,3,6-tri-O-galloyl-β-D-glucose 
(Zhang et al., 2004). 
 
Figure 10. 1H and 13C NMR spectra of compound 1 
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2.2. Compound 2 
Compound 2 was obtained as yellowish amorphous powder. Its molecular 
formula was identified as C41H30O27 by negative HRESIMS spectrum (m/z 
953.0865 [M – H]-, calcd for C41H29O27, 953.0896). The 1C4 conformation of the β-
glucopyranose was deduced from the small coupling constants of the H-1 – H-4 [δH 
6.51 (1H, s, H-1), 5.83 (1H, s, H-3), 5.39 (1H, s, H-2), 5.23 (1H, d, J = 3.6 Hz, H-
4)] signals and carbon signal of C-1 at δC 92.5 (Nawwar et al., 1994) (Figure 11). 
Its 1H NMR spectrum showed that the presence of one galloyl group [δH 7.01 (2H, 
s, Gal-H-2′, 6′)] and one HHDP group [δH 6.84 (1H, s, HHDP-H-5′), 6.63 (1H, s, 
HHDP-H-5′′)]. Furthermore, presence of a chebuloyl moiety was confirmed from 
one methylene at δH 2.14 (2H, m, Cheb-H-5′) and three methines at δH 5.05 (1H, dd, 
J = 1.2, 7.3 Hz, Cheb-H-3′), 4.80 (1H, m, Cheb-H-2′) and 3.90 (1H, ddd, J = 1.1, 
3.6, 11.7 Hz, Cheb-H-4′) and one-proton singlet at δH 7.48 (1H, s, Cheb-H-2′′). The 
galloyl and HHDP group were determined to be attached to C-1 and C-3/C-6 of 
core glucose, respectively, by HMBC cross peak between H-1 (δH 6.51) and galloyl 
carbonyl carbon (δC 166.4) and H-3 (δH 5.90)/H-6 (δH 4.78 and 4.41) and HHDP 
carbonyl carbon signals (δC 167.5 and 170.1). Furthermore, the correlation between 
H-2 (δH 5.39) and H-4 (δH 5.23) with chebuloyl carbonyl carbon (C-7′ and 7′′, δC 
166.2 and 174.4) showed that the chebuloyl unit was attached to C-2 and C-4 of the 
central glucose. Thus, compound 2 was identified as chebulagic acid (Pfundstein et 
al., 2010). 
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Figure 11. 1H and 13C NMR spectra of compound 2 
2.3. Compound 3 
Compound 3 was obtained as tan amorphous powder and had the molecular 
formula C42H34O28 as determined by the HRESIMS at m/z 985.1151 [M – H]- 
(calcd. for C42H33O28, 985.1158). The 1H NMR spectrum of 3 showed signals at δH 
7.10 (2H, s, Gal-H-2′, 6′), 6.83 (1H, s, HHDP-H-5′), 6.70 (1H, s, HHDP-5′′) 
indicating the presence of a galloyl and an HHDP unit. The β-glucopyranose with 
1C4 conformation was deduced from seven signals with a discrete 1H-1H COSY 
system and the coupling constants (3.1–4.0 Hz) of the H-1–H-4 signals and carbon 
signal of C-1 at δC 94.7. The 1H–1H COSY spectrum also showed consecutive 
correlations from signal at δH 5.42 (1H, d, J = 0.7 Hz, Neocheb-H-2′) to δH 2.83 
(1H, dd, J = 9.0, 17.3 Hz, Neocheb-H-5′a) and 2.51 (1H, dd, J = 5.1, 17.3 Hz, 
Neocheb-H-5′b) through δH 3.98 (1H, d, J = 9.1 Hz, Neocheb-H-3′) and δH 3.27 
(1H, td, J = 9.1, 5.1 Hz, Neocheb-H-4′) in the neochebuloyl unit (Figure 12). 
Except for methoxy protons (δH 3.52), the spectroscopic data were very similar to 
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those of neochebulagic acid (22) (Saijo et al., 1989). HMBC correlations were 
observed between carboxylic carbon signals at δC 167.1 (HHDP-C-7′) and 168.8 
(HHDP-C-7′′) and the HHDP protons at δH 6.83 (HHDP-H-5′) and 6.70 (HHDP-5′′) 
as well as between the carboxylic carbon signals at δC 165.8 (Gal-C-7′) and the 
galloyl H-2′, 6′ proton resonances at δH 7.10 ppm. The H-3 (δH 4.90) and H-6 (δH 
4.59 and 4.29) signals were correlated to the HHDP carboxylic carbon signals at δC 
167.1 and 168.8 ppm in the HMBC spectrum, respectively, and indicated that the 
HHDP unit was connected to C-3 and C-6 of the central glucose. Similarly, it was 
confirmed that the galloyl unit was connected to C-1 of the glucose. The 
correlation between H-4 (δH 5.67) with neochebuloyl carboxylic carbon at δC 172.6 
(Neocheb-C-7′) showed that the neochebuloyl unit was connected to C-4 of the 
central glucose. The methoxy protons of 3 (δH 3.52) was correlated to C-6′ of the 
neochebuloyl unit (δC 172.8) in its HMBC spectrum (Figure 14). The absolute 
configuration of HHDP group was determined to be (R)-configuration by CD 
spectrum of corilagin (42), which was isolated from a partial hydrolysate of 3, due 
to a strong negative Cotton effect at 237 nm (Okuda et al., 1982). To determine the 
absolute configuration of the neochebuloyl unit, compound 3 underwent acid 
hydrolysis and yielded chebulic acid. The absolute configuration of chebulic acid 
(34) was determined as (2′S, 3′S, 4′S) according to a positive Cotton effect at 235 
nm in the CD spectrum (Yoshida et al., 1982). In addition, acid hydrolysate of 3 
yielded D-glucose which was confirmed by HPLC analysis of its thiocarbamoyl 
thiazolidine derivative (Tanaka et al., 2007). Thus, compound 3 was characterized 
as 6′-O-methyl neochebulagate and it was first isolated from nature.  
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Figure 12. 1H and 13C NMR spectra of compound 3 
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Figure 13. 1H-1H COSY spectrum of compound 3 
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Figure 14. HMBC spectrum of compound 3 
2.4. Compound 4 
Compound 4, a yellowish amorphous powder, was formulated as C42H36O28 from 
the (-)-HRESIMS (m/z 987.1348 [M – H]-, calcd for C42H35O28, 987.1315). Its 1H 
NMR spectra showed signals at δH 7.16 (2H, s, Gal-H-2′,6′), and 7.15 (4H, s, Gal-
H-2′′,6′′, Gal-H-2′′′,6′′′), which suggested the presence of three galloyl groups. The 
existence of β-glucopyranose with 4C1 conformation was confirmed from the large 
coupling constants (8.4–9.7 Hz) of the H-1 – H-4 signals [δH 6.02 (1H, d, J = 8.4 
Hz, H-1), 5.66 (1H, t, J = 9.5 Hz, H-3), 5.53 (1H, t, J = 9.7 Hz, H-4), 3.99 (1H, m, 
H-2)]. Furthermore, three methines at δH 4.80 (1H, d, J = 1.2 Hz, Neocheb-H-2′), 
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3.73 (1H, dd, J = 1.6, 11.2 Hz, Neocheb-H-3′), 3.15 (1H, ddd, J = 4.3, 9.9, 11.2 Hz, 
Neocheb-H-4′′), one methylene at 2.86 (1H, dd, J = 10.0, 17.7 Hz, Neocheb-H-5′a), 
2.37 (1H, dd, J = 4.3, 17.7 Hz, Neocheb-H-5′b), and one-proton aromatic singlet at 
δH 7.05 (1H, s, Neocheb-H-2′′) indicated the presence of neochebuloyl moiety 
(Figure 15). Except for the methoxy protons [δH 3.28 (3H, s, OMe)], the chemical 
shifts and coupling constants of these signals were analogous to neochebulinic acid 
(Qi et al., 2013). The HMBC confirmed that the three galloyl and one neochebuloyl 
units were attached to C-1 (δC 95.2), 3 (δC 75.9), 6 (δC 62.8) and C-4 (δC 70.0) of 
glucose moiety, respectively. The methoxy protons were correlated to Neocheb-C-1′ 
(δC 169.7) in the HMBC spectrum. With above observed spectroscopic data, 
compound 4 was determined to be 1′-O-methyl neochebulinate (Pfundstein et al., 
2010). 
 
Figure 15. 1H and 13C NMR spectra of compound 4 
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787.0994) indicating C34H28O22 as its molecular formula. The 1H NMR 
spectroscopic data displayed for four two-proton aromatic singlets [δH, 7.15, 7.07, 
7.05, 6.97 (each 2H, s), Gal-H-2′′, 6′′, Gal-H-2′, 6′, Gal-H-2′′′, 6′′′, Gal-H-2′′′′, 6′′′′] 
assignable to four galloyl units. Additionally, the anomeric proton signal at δH, 6.16 
(1H, d, J = 8.4 Hz, H-1) suggested the presence of β-glucopyranose (Figure 16). 
The locations of four galloyl moieties in the glucose unit were determined to be the 
C-1, 2, 3, and 6 positions by strongly downfielded 1H NMR signals of H-1 (δH 
6.16), H-2 (δH 5.45), H-3 (δH 5.66), and H-6 (δH 4.56). With above mentioned 
spectroscopic data, compound 5 was determined as 1,2,3,6-tetra-O-galloyl-β-D-
glucose (Tanaka et al., 1983). 
Compound 6 was obtained as white amorphous powder and showed the ion peak 
at m/z 787.1002 [M – H]- (calcd for C34H27O22, 787.0994) in the negative 
HRESIMS indicating its molecular formula (C34H28O22). Like compound 5, 
compound 6 had four two-proton aromatic signals [δH, 7.20, 7.15, 7.06, 6.04 (each 
2H, s), Gal-H-2′′, 6′′, Gal-H-2′, 6′, Gal-H-2′′′, 6′′′, Gal-H-2′′′′, 6′′′′] and one 
anomeric proton signal [δH 6.04 (1H, d, J = 8.4 Hz, H-1)]. These characteristic 1H 
NMR data suggested that compounds 6 was also tetragalloylglucose (Figure 17). In 
comparison with compound 5, the 1H NMR signals of H-2 (δH 4.04) moved to 
upfield and H-4 (δH 5.49) moved to downfield. On the basis of above information, 
compound 6 was determined as 1,3,4,6-tetra-O-galloyl-β-D-glucose (Tanaka et al., 
2003). 
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Figure 16. 1H and 13C NMR spectra of compound 5 
 
Figure 17. 1H and 13C NMR spectra of compound 6 
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955.1053) and established the molecular formula C41H32O27. The 1H NMR 
spectrum showed characteristic signals for three galloyl moieties at δH 7.17 (2H, s, 
Gal-H-2′′, 6′′), 7.10 (2H, s, Gal-H-2′, 6′), 6.98 (2H, s, Gal-2′′′, 6′′′). The presence of 
a glucose moiety was apparent from the 1H NMR signals at δH 6.49 (1H, d, J = 2.8 
Hz, H-1) 6.24 (1H, br s, H-3), 5.43 (1H, d, J = 1.2 Hz, H-2), 5.04 (1H, d, J = 3.4 
Hz, H-4), 4.81 (1H, m, H-6a), 4.72 (1H, m, H-5) 4.62 (1H, dd, J = 6.3 10.6 Hz, H-
6b). Furthermore, the presence of one methylene at δH 2.24 (2H, m, Cheb-H-5′) and 
three methine protons at δH 5.09 (1H, dd, J = 1.4, 7.2 Hz, Cheb-H-3′′), 4.82 (1H, m, 
Cheb-H-2′), 3.87 (1H, ddd, J = 0.9, 4.7, 10.5 Hz, Cheb-H-4′), and one aromatic 
proton at δH 7.51 (1H, s, Cheb-H-2′′) on the 1H NMR spectrum and carbon atoms 
of four carboxylic carbon signals at δC 175.1 (Cheb-C-6′), 174.6 (Cheb-C-7′), 170.1 
(Cheb-C-1′) and 166.1 (Cheb-C-7′′) on the 13C NMR spectrum suggested the 
presence of chebuloyl group (Figure 18). Thus, compound 7 was confirmed as 
chebulinic acid by comparison with literature (Pfundstein et al., 2010). 
 
Figure 18. 1H and 13C NMR spectra of compound 7 
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2.7. Compound 8 
Compound 8 was obtained as white amorphous powder. Its negative HRESIMS 
peak at m/z 939.1119 [M – H]- (calcd for C41H31O26, 939.1104) established a 
molecular formula of C41H32O26. The 1H NMR spectrum exhibited signals for five 
galloyl units [δH, 6.97, 6.91, 6.84, 6.81, 6.76 (each 2H, s), Gal-H-2′′, 6′′, Gal-H-2′, 
6′, Gal-H-2′′′, 6′′′, Gal-H-2′′′′, 6′′′′, Gal-H-2′′′′′, 6′′′′′] and one β-glucopyranose 
moiety [δH 6.37 (1H, d, J = 8.2 Hz, H-1)] (Figure 19). These 1H NMR data 
suggested that compounds 8 was pentagalloylglucose. The locations of five galloyl 
units in the glucose moiety were determined to be the C-1, 2, 3, 4 and 6 positions 
by downfielded 1H NMR signals of H-1 (δH 6.37), H-2 (δH 5.43), H-3 (δH 5.95), H-
4 (δH 5.43), and H-6 (δH 4.30). With above mentioned spectroscopic data, 
compound 8 was determined as 1,2,3,4,6-penta-O-galloyl-β-D-glucose (Abdel-
Mageed et al., 2014).  
 
Figure 19. 1H and 13C NMR spectra of compound 8 
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2.8. Compounds 9-11 
Compound 9 was obtained as brown amorphous powder, and [α]D
20= -149.0 (c 
0.10, MeOH). The (-)-HRESIMS exhibited quasi-molecular ion peak at m/z: 
599.0684 [M – H]- (calcd for C27H19O16, 599.0673) indicating C27H20O16 as its 
molecular formula. The presence of ellagic acid moiety was confirmed by its UV 
spectrum at 258 and 356 nm and two aromatic singlets at δH 7.89 and 7.51 (each 1H, 
H-5 and H-5′) (El-Toumy and Rauwald, 2002). The 1H NMR spectrum also 
displayed two-proton aromatic singlet at δH 7.10 (2H, s, Gal-H-2′,6′) suggesting the 
presence of one galloyl unit. Furthermore, the presence of α-rhamnopyranose with 
1C4 conformation was deduced from five oxygenated methines [δH 5.65 (1H, s, H-
1′′), 5.25 (1H, t, J = 9.5 Hz, H-4′′), 4.30 (1H, m, H-3′′), 4.29 (1H, br s, H-2′′), 4.04 
(1H, dq, J = 12.4, 6.1 Hz, H-5′′)] along with a doublet methyl proton at δH 1.19 (3H, 
d, J = 6.2 Hz, H-6′′) and the very small vicinal coupling constants of the H-1′′ and 
H-2′′ signals (Figure 20). Rhamnosylation at C-4 of ellagic acid was confirmed by 
the HMBC correlation between the signals of H-1′′ (δH 5.65) and C-4 (δC 147.7). 
The location of a galloyl unit in the rhamnose moiety was assigned to be the C-4′′ 
position by downfielded 1H NMR signals of H-4′′ (δH 5.25) and HMBC correlation 
between the signals of H-4′′ (δH 5.25) and Gal-C-7′′′ (δC 168.1). Therefore, 
compound 9 was determined as 4-O-(4′′-O-galloyl-α-L-rhamnosyl)ellagic acid 
(Pfundstein et al., 2010). 
Compound 10 was obtained as brown amorphous powder, and [α]D
20= -60.5 (c 
0.10, MeOH). Its molecular formula was confirmed as C34H24O20 by (-)-HRESIMS 
(m/z: 751.0787 [M – H]-, calcd for C34H23O20, 751.0783) In the UV spectrum of 10, 
absorption at 256 and 358 nm indicated the presence of ellagic acid moiety. Except 
for one additional galloyl moiety its 1H and 13C NMR spectra were analogous to 
those of compound 9. The attachment of the one additional galloyl moiety in the 
rhamnose moiety was assigned to be the C-3′′ position by downfielded 1H NMR 
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signals of H-3′′ (δH 5.66) and HMBC correlation between the signals of H-3′′ (δH 
5.66) and Gal-C-7′′′ (δC 168.2). Therefore, compound 10 was confirmed as 4-O-
(3′′,4′′-di-O-galloyl-α-L-rhamnosyl)ellagic acid (Pfundstein et al., 2010).  
 
Figure 20. 1H and 13C NMR spectra of compound 9 
 
Figure 21. 1H and 13C NMR spectra of compound 10 
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Compound 11 was obtained as brown amorphous powder, and [α]D
20= -37.4 (c 
0.10, MeOH). It had the molecular formula C34H24O20 as determined by the (-)-
HRESIMS at m/z: 751.0786 [M – H]- (calcd for C34H23O20, 751.0783). In the UV 
spectrum, absorption at 258 and 356 nm suggested that 11 also had ellagic acid 
moiety. Based on molecular formula, 1H, and 13C NMR spectra, compound 11 was 
regioisomer of 10. Rhamnosylation at C-4 of ellagic acid was determined by the 
HMBC correlation between the signals of H-1′′ (δH 5.76) and C-4 (δC 147.6). The 
H-4′′ (δH 5.37) signal was correlated to galloyl carbonyl carbon signal at δC 168.0 
(C-7′′′′) in the HMBC spectrum. However, despite of the presence of downfielded 
H-2′′ signal at δH 5.65 (1H, br s), HMBC correlations in CD3OD between H-2′′ (δH 
5.65) and remaining galloyl carbonyl carbon signal at δC 167.7 (C-7′′′) was not 
observed (Figure 24). Therefore, we changed the solvent to DMSO-d6 and 
observed the HMBC correlation between H-2′′ and C-7′′′ (Figure 25). The L-
configuration of the rhamnose was identified by HPLC analysis of the 
thiocarbamoyl thiazolidine derivative of the sugar from acid hydrolysate of 11 
compared with that of the authentic sample of L-rhamnose. Thus, compound 11 
was characterized as 4-O-(2′′,4′′-di-O-galloyl-α-L-rhamnosyl)ellagic acid and was 
first isolated from nature. 
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Figure 22. 1H and 13C NMR spectra of compound 11 
 
Figure 23. 1H-1H COSY spectrum of compound 11 
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Figure 24. HMBC spectrum of compound 11 in CD3OD 
 
Figure 25. HMBC spectrum of compound 11 in DMSO-d6 
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2.9. Compounds 12 and 13 
Compound 12 was obtained as brown amorphous powder and had the molecular 
formula C43H34O23 as determined by HRESIMS at m/z 917.1425 [M – H]- (calcd for 
C43H33O23, 917.1413). The 1H-NMR spectrum showed four singlet signals at δH 
7.13 (2H, s, Gal-H-2′′′,6′′′), 7.06 (Gal-H-2′,6′), 6.99, and 6.99 (each s, 2H, Gal-H-
2′′,6′′, Gal-H-2′′′′,6′′′′), that suggested the presence of four galloyl units. In addition, 
trans olefinic signals at δH 7.63 (1H, d, J = 16.0 Hz, Cin-H-7′) and 6.45 (1H, d, J = 
16.0 Hz, Cin-H-8′) and five aromatic proton multiplets (δH 7.71–7.43, Cin-H-1′ – 
Cin-H-5′) suggested that 12 had a cinnamoyl unit in its molecules (Kashiwada et al., 
1988) (Figure 26). The β-glucopyranose unit was deduced from seven signals with 
a discrete 1H–1H COSY system and large coupling constants (8.2–9.4 Hz) of the 
glucose H-1 – H-4 signals (Era et al., 2015; Orabi et al., 2010). The H-1 (δH 6.25), 
H-3 (δH 5.94), and H-6 (δH 4.57 and 4.37) signals were correlated to the galloyl 
carbonyl carbon signals at 165.3 (Gal-C-7′), 166.4 (Gal-C-7′′′) and 166.7 (Gal-C-
7′′′′) in the HMBC spectrum, respectively. However, the remaining galloyl and 
cinnamoyl carbonyl carbon signals were perfectly overlapped (δC 166.3), the 
connection of Glc H-2 (δH 5.60) and H-4 (δH 5.61) to the galloyl and cinnamoyl 
unit could not be distinguished in the HMBC spectrum (Figure 28). For this reason, 
we measured 1D and 2D NMR spectra of 2 in pyridine-d5. As a result, four galloyl 
and a cinnamoyl carbonyl carbon signals were clearly separated. In the HMBC 
spectrum of 2 measured in pyridine-d5, the H-2 (δH 6.22) signal was correlated to 
the galloyl carbonyl carbon signal at δC 166.8 (Gal-C-7′′′) and the H-4 (δH 6.13) 
was correlated to the cinnamoyl carbonyl carbon signal at δC 166.2 (Cin-C-9′) 
which was correlated by olefinic proton signals at δH 7.76 (1H, d, J = 16.0 Hz, Cin-
H-7′) and 6.56 (1H, d, J = 16.0 Hz, Cin-H-8′) of cinnamoyl moiety (Figure 29). 
Absolute configuration of sugar was identified to be D-glucose by RP-HPLC 
analysis of the thiocarbamoyl thiazolidine derivative of the sugar present in the 
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acid hydrolysate of 1 and that of authentic D-glucose (Tanaka et al., 2007). Thus, 
compound 12 was characterized as 1,2,3,6-tetra-O-galloyl-4-O-cinnamoyl-β-D-
glucose and it was isolated for the first time from nature.  
 
Figure 26. 1H and 13C NMR spectra of compound 12 
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Figure 27. 1H-1H COSY spectrum of compound 12 
 
Figure 28. HMBC spectrum of compound 12 (solvent: acetone-d6 : D2O = 9 : 1) 
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Figure 29. Expanded HMBC spectrum of compound 12 (solvent: pyridine-d5) 
Compound 13 was obtained as brown amorphous powder and had the molecular 
formula C36H30O19 as determined by HRESIMS at m/z 763.1323 [M – H]- (calcd for 
C36H29O19, 765.1303). Based on the 1H NMR spectrum and difference in molecular 
formula between 12 and 13, corresponding to C7H4O4, 13 had one less galloyl unit 
than that of 12. The H-1 (δH 6.18), 2 (δH 5.47), and 3 (δH 5.66) signals were 
correlated to the galloyl carbonyl carbon signals at δC 165.0 (Gal-C-7′), 165.8 (Gal-
C-7′′) and 166.2 (Gal-C-7′′′) in the HMBC spectrum, respectively. The H-6 signals 
(δH 4.60 and 4.50) were correlated to the cinnamoyl carbonyl carbon signal at δC 
167.1 in the HMBC spectrum (Figure 32). The presence of the D-glucose was 
confirmed by HPLC analysis of its thiocarbamoyl thiazolidine derivative. Thus, 
compound 13 was characterized as 1,2,3-tri-O-galloyl-6-O-cinnamoyl-β-D-glucose 
and newly isolated from nature.  
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Figure 30. 1H and 13C NMR spectra of compound 13 
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Figure 31. 1H-1H COSY spectrum of compound 13 
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Figure 32. HMBC spectrum of compound 13 
These thirteen compounds were tested to evaluate their Baker’s yeast α-
glucosidase inhibitory activity (Table 27). Among these, all of the nine compounds 
(4–13) obtained from the active microfractions had inhibitory activity (IC50 2.9 – 
59.5 μM). On the other hand, all of the three compounds (1-3) isolated from non-
bioactive microfractions had no inhibitory activity (IC50 > 200 μM). Based on these 
results, it is confirmed that HPLC-based activity profiling is an effective method 
for tracking targeted bioactive compounds. 
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Table 27. Baker’s yeast α-glucosidase inhibitory activity of isolated compounds 
with HPLC-based activity profiling. 
Compound Name IC50 (μM) 
Compounds from no bioactive microfraction 
1 1,3,6-Tri-O-galloyl-β-D-glucose > 200 
2 Chebulagic acid > 200 
3 6′-O-Methyl neochebulagate  > 200 
Compounds from bioactive microfraction 
4 1′-O-Methyl neochebulinate 59.5 ± 9.6 
5 1,2,3,6-Tetra-O-galloyl-β-D-glucose 15.7 ± 0.8 
6 1,3,4,6-Tetra-O-galloyl-β-D-glucose 15.5 ± 0.6 
7 Chebulinic acid 24.0 ± 4.0 
8 1,2,3,4,6-Penta-O-galloyl-β-D-glucose 8.3 ± 0.5 
9 4-O-(4′′-O-galloyl-α-L-rhamnosyl)ellagic acid 37.9 ± 6.7 
10 4-O-(3′′,4′′-Di-O-galloyl-α-L-rhamnosyl)ellagic acid 12.3 ± 2.0 
11 4-O-(2′′,4′′-Di-O-galloyl-α-L-rhamnosyl)ellagic acid  6.4 ± 1.0 
12 1,2,3,6-Tetra-O-galloyl-4-O-cinnamoyl-β-D-glucose 2.9 ± 0.8 
13 1,2,3-Tri-O-galloyl-6-O-cinnamoyl-β-D-glucose 14.7 ± 2.7 
Positive control Acarbose 174.0 ± 29.8 
 
  Additionally, to investigate constituents of T. chebula fruits, further isolation was 
performed. 
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3. Elucidation of chemical structures of further isolated 
compounds from T. chebula. 
3.1. Compounds 14 and 15 
  Compound 14 was obtained as white amorphous powder and yielded a 
molecular formula of C20H20O14 on the negative HRESIMS peak at m/z 483.0777 
[M – H]- (calcd for C20H19O14, 483.0775) and its 13C NMR. Analyzing its 1H NMR 
data (Figure 33) revealed that its structure had two galloyl moieties [δH, 7.14, 7.12, 
(each 2H, s), Gal-H-2′, 6′, Gal-H-2′′, 6′′] and one β-glucopyranose [δH, 5.79 (1H, d, 
J = 8.2), H-1]. The locations of two galloyl units in the glucose moiety were 
assigned to be the C-1 and 3 positions by downfielded 1H NMR signals of H-1 (δH 
5.79) and H-3 (δH 5.24). On the basis of these data, compound 14 was determined 
as 1,3-di-O-galloyl-β-D-glucose (Li et al., 2015).  
 
Figure 33. 1H and 13C NMR spectra of compound 14 
Compound 15, a white amorphous powder, was determined to have a molecular 
formula of C20H20O14 by its negative HRESIMS peak at m/z 483.0782 [M – H]- 
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(calcd for C20H19O14, 483.0775). On comparing its 1H NMR data with that of 14, 15 
also had two galloyl groups [δH, 7.16, 7.12, (each 2H, s), Gal-H-2′, 6′, Gal-H-2′′, 6′′] 
and a β-glucopyranose moiety [δH, 5.73 (1H, d, J = 7.7), H-1], but chemical shift of 
H-3 (δH 3.56 – 3.49) was found to move to upfield and chemical shift of H-6 (δH 
4.55 and 4.38) move to downfield (Figure 34). Taken together, compound 15 was 
determined as 1,6-di-O-galloyl-β-D-glucose (Foo, 1993). 
 
Figure 34. 1H and 13C NMR spectra of compound 15 
3.2. Compounds 16 and 17 
Compound 16 was obtained as light brown amorphous powder. The (-)-
HRESIMS of 16 showed a peak at m/z 613.1219 [M-H]- (calcd for C29H25O15 
613.1193) and yielded a molecular formula of C29H26O15. Its 1H NMR spectum 
revealed the presence of two galloyl groups [δH, 7.11, 7.05, (each 2H, s), Gal-H-2′, 
6′, Gal-H-2′′, 6′′] and a β-glucopyranose moiety [δH, 5.86 (1H, d, J = 8.3), H-1]. 
Furthermore, five aromatic protons (δH 7.61 – 7.38) and trans olefinic signals [δH, 
7.72 and 6.53, (each 1H, d, J = 16.0), Cin-H-7′ and Cin-H-8′] indicated that 16 had 
a cinnamoyl unit (Figure 35). The H-1 (δH 5.86) and H-6 (δH 4.60 and 4.37) signals 
2’,6’, 2’’,6’’
1 2, 3, 4
6b
5
6a
1 5
6
4
7’, 7’’
3’,5’, 3’’,5’’
4’, 4’’ 1’, 1’’
2’,6’, 2’’,6’’
23
3’,5’, 3’’,5’’
131 
 
were correlated to the galloyl carbonyl carbon signals at 167.1 and 167.0 (Gal-C-7′ 
and Gal-C-7′′) in the HMBC spectrum. In addition, the H-2 signal (δH 5.18) was 
correlated to the cinnamoyl carbonyl carbon signal at δC 165.6 in the HMBC 
spectrum. Thus, compound 16 was confirmed as 1,6-di-O-galloyl-2-O-cinnamoyl-
β-D-glucose (Kashiwada et al., 1984).  
 
Figure 35. 1H and 13C NMR spectra of compound 16 
Compound 17, which had the same molecular formula as 16 according to its (-)-
HRESIMS [m/z 613. 1210 [M – H]- (calcd for C29H25O15. 613.1193)], was obtained 
as brown amorphous powder. Its 1H NMR spectrum and molecular formula 
suggested that 17 also have two galloyl, one cinnamoyl and one β-glucopyranose 
moieties (Figure 36). The locations of the two galloyl and one cinnamoyl groups 
were determined to be C-1, C-2 and C-6 positions of glucose, respectively, by 
analysis of the HMBC spectrum of 17. From obtained spectral data and above 
analysis, compound 17 was confirmed as 1,2-di-O-galloyl-6-O-cinnamoyl-β-D-
glucose (Kashiwada et al., 1984).  
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Figure 36. 1H and 13C NMR spectra of compound 17 
3.3. Compound 18 
Compound 18 was obtained as a light brown amorphous powder and had the 
molecular formula C42H32O27 as determined by HRESIMS at m/z 967.1055 [M – 
H]- (calcd. for C42H31O27, 967.1053). The 1H NMR spectrum (Figure 37) revealed 
signals at δH 7.19 (2H, s, Gal-H-7′), 7.08 (1H, s, HHDP-H-5′) and 6.67 (1H, s, 
HHDP-H-5′′) which indicate the existence of one galloyl ester unit and one HHDP 
unit, respectively. The 1C4 conformation of the glucopyranose moiety was 
confirmed from seven signals with a discrete 1H–1H COSY system and the small 
coupling constants for the signals of H-1 – H-4 of glucose [δH 6.51 (1H, s, H-1), 
5.90 (1H, s, H-3), 5.51 (1H, s, H-2), 5.23 (1H, d, J = 3.5 Hz, H-4)]. In contrast to 
other neochebuloyl unit containing compounds, the chemical shift of H-2 in 18 
moved downfield to δH 5.51, which means that C-2 of glucose was acylated. In 
addition to the galloyl unit, HHDP unit and glucose, the 1H NMR spectrum showed 
one methylene at δH 2.17 (2H, d, J = 7.7 Hz, Cheb-H-5′) and three methine protons 
at δH 5.13 (1H, dd, J = 7.2, 0.8 Hz, Cheb-H-3′), 4.97 (1H, d, J = 7.2 Hz, Cheb-H-2′) 
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and 3.90 (1H, t, J = 8.2 Hz, Cheb-H-4′) with a discrete 1H-1H COSY system, one-
proton singlet at δH 7.51 (1H, s, Cheb-H-2′′) and one methoxy protons at δH 3.54 
(3H, s). Except for the methoxy protons, 1D- and 2D-NMR spectral data were 
similar to the chebulagic acid (3) which did not contain a 4-O-neochebuloyl unit 
but instead a 2-4-O-chebuloyl unit. The H-3 (δH 5.90) and H-6 (δH 4.78 and 4.41) 
of glucose were correlated to the HHDP carbonyl carbon signals at δC 166.2 
(HHDP-C-7′) and 168.3 (HHDP-C-7′′) in the HMBC spectrum (Figure 39), 
respectively, which indicated that the HHDP unit was connected to C-3 and C-6 of 
the central glucose. Furthermore, H-1 (δH 6.51) was correlated to the galloyl 
carbonyl carbon signals at δC 164.9 (Gal-C-7′). The correlation between H-2 (δH 
5.51) and H-4 (δH 5.23) of glucose with the chebuloyl carbonyl carbon at δC 165.4 
(Cheb-C-7′′) and 173.5 (Cheb-C-7′) showed that the chebuloyl unit was connected 
to C-2 and C-4 of the central glucose. The methoxy proton (δH 3.54) was correlated 
to C-6′ of the chebuloyl unit (δC 172.2) in the HMBC spectrum. The (R)-
configuration of HHDP group was confirmed by CD spectrum of corilagin (42), 
which was isolated from a partial hydrolysate of 18, according to a strong negative 
Cotton effect at 237 nm. The absolute configuration of the chebuloyl unit was 
determined as (2′S, 3′S, 4′S) by comparing J2′3′ and J3′4′ couplings with those of 18 
and by observing the Overhauser effects between H-1 (δH 6.51) and Cheb-H-3′ (δH 
5.13) in its ROESY spectrum (Figure 40) (Pfundstein et al., 2010). The presence of 
the D-glucose was confirmed by HPLC analysis with Tanaka’s method on the acid 
hydrolysate of 18 (Tanaka et al., 2007). Thus, compound 17 was characterized as 
methyl chebulagate and first isolated from nature. 
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Figure 37. 1H and 13C NMR spectra of compound 18 
 
Figure 38. 1H-1H COSY spectrum of compound 18 
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Figure 39. HMBC spectrum of compound 18 
 
Figure 40. ROESY spectrum of compound 18 
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3.4. Compounds 19-21 
Compound 19 was obtained as yellowish amorphous powder and determined to 
have a molecular formula of C27H26O20 based on the negative HRESIMS peak at 
m/z 669.0928 [M – H]- (calcd for C27H25O20, 669.0939). The 1H NMR spectrum 
(Figure 41) of 19 showed signals at δH 7.19 (2H, s, Gal-2′,6′) indicating the 
existence of a galloyl unit. The large coupling constants (8.1–9.8 Hz) of the H-1 – 
H-4 signals indicated the β-glucopyranose with 4C1 conformation. In addition to a 
galloyl unit and glucose, the presence of neochebuloyl moiety was deduced from 
one methylene at δH 3.07 (1H, dd, J = 12.0, 17.0 Hz, Neocheb-H-5′a) and 2.37 (1H, 
dd, J = 3.0, 17.0 Hz, Neocheb-H-5′b) and three methine protons at δH 5.70 (1H, d, J 
= 1.5 Hz, Neocheb-H-2′), 3.88 (1H, dd, J = 1.5, 10.5 Hz, Neocheb-H-3′) and 3.14 
(1H, ddd, J = 3.0, 10.5, 12.0 Hz, Neocheb-H-4′) with a discrete 1H–1H COSY 
system, and one-proton singlet at δH 7.13 (1H, s, Neocheb-H-2′′). The H-1 (δH 5.79) 
and H-4 (δH 5.07) signals of glucose were correlated to the galloyl carbonyl carbon 
at δC 165.2 (Gal-C-7′) and neochebuloyl carbonyl carbon at δC 166.3 (Neocheb-C-
7′) in the HMBC spectrum, respectively. On the basis of above information, 
compound 19 was determined as phyllanemblinin E (Zhang et al., 2001). 
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Figure 41. 1H and 13C NMR spectra of compound 19 
  Compound 20 was obtained was obtained as a white amorphous powder and 
had the molecular formula C28H28O20 determined by the HRESIMS at m/z 
683.1098 [M – H]- (calcd. for C28H27O20, 683.1096). The 1H NMR spectrum 
(Figure 42) of 20 showed signals at δH 7.16 (s, 2H, Gal-2′,6′) indicating the 
existence of a galloyl unit. The large coupling constants (8.2–9.7 Hz) of the H-1 – 
H-4 signals of glucose indicated the β-glucopyranose with 4C1 conformation [δH 
5.72 (1H, d, J = 8.1 Hz, H-1), 4.99 (1H, t, J = 9.7 Hz, H-4), 3.85 (1H, t, J = 9.3 Hz, 
H-3), 3.64 (1H, t, J = 8.6 Hz, H-2)]. In addition to the galloyl unit and glucose, the 
1H NMR spectrum showed one methylene at δH 2.97 (1H, dd, J=17.2 and 11.6 Hz, 
H-5′a) and 2.28(1H, dd, J=17.2 and 3.2 Hz, H-5′b) and three methine protons at δH 
5.68 (1H, d, J=0.9 Hz, H-2′), 3.78 (1H, dd, J=10.5, 0.9 Hz, H-3′) and 3.07 (1H, td, 
J=11.3, 3.2 Hz, H-4′) with a discrete 1H–1H COSY system, one-proton singlet at δH 
7.09 (1H, s, H-2′′) and one methoxy protons at δH 3.53 (3H, s). Except for the 
methoxy protons, the coupling constants and chemical shifts of these signals were 
almost the same as the compound 20. In the HMBC spectrum, the methoxy protons 
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were correlated to C-1′ of the neochebuloyl unit (δC 170.6). The HMBC analysis 
(Figure 44) also confirmed that the galloyl and neochebuloyl units were connected 
to C-1 and C-4 of glucose, respectively. The absolute configuration of the 
neochebuloyl unit was determined as (2′S, 3′S, 4′S) according to a positive Cotton 
effect at 235 nm in CD spectrum of chebulic acid from acid hydrolysate of 20. The 
D-configuration of the glucose was confirmed by acid hydrolysis with the same 
methodology used for 18. Thus, compound 20 was established as 1′-O-methyl 
neochebulanin. The presence of methyl neochebulanin in T. chebula was predicted 
by Pfundstein et al. using HPLC-ESI-MS, but the spectroscopic data, including the 
NMR, is reported for the first time in this paper (Pfundstein et al., 2010). 
 
Figure 42. 1H and 13C NMR spectra of compound 20 
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Figure 43. 1H-1H COSY spectrum of compound 20 
 
Figure 44. HMBC spectrum of compound 20 
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molecular formula C43H38O28 as determined by the HRESIMS at m/z 1001.1484 
[M – H]- (calcd. for C43H37O28, 1001.1472). The 1H-NMR spectrum (Figure 45) of 
21 showed signals at δH 7.19, 7.17 and 7.16 (each 2H, s, Gal-H-2′,6′, Gal-H-2′′′,6′′′, 
Gal-H-2′′,6′′), which suggested the presence of three galloyl units. The existence of 
β-glucopyranose with 4C1 conformation was apparent from the large coupling 
constants (8.2–9.8 Hz) of the H-1, H-3 and H-4 signals [δH 6.05 (1H, d, J = 8.2 Hz, 
H-1), 5.67 (1H, t, J = 9.5 Hz, H-3), 5.54 (1H, t, J = 9.8 Hz, H-4)] of central glucose. 
Compound 21 also had one methylene at δH 2.80 (1H, dd, J = 17.5, 9.1 Hz, 
Neocheb-H-5′a) and 2.43 (1H, dd, J = 17.5, 5.2 Hz, Neocheb-H-5′b), three methine 
protons at δH 4.81 (1H, s, Neocheb-H-2′), 3.78 (1H, d, J = 11.2 Hz, Neocheb-H-3′) 
and 3.20 (1H, ddd, J = 5.2, 9.1, 11.2 Hz, Neocheb-H-4′) with a discrete 1H–1H 
COSY system, one-proton singlet at δH 7.06 (1H, s, Neocheb-H-2′′) and two 
methoxy protons at δH 3.34 and 3.32 (each 3H, s). Based on these results, the 
coupling constants and chemical shifts of 21 were similar to neochebulinic acid (Qi 
et al., 2013) and 1′-O-methyl neochebulinate (4). The H-1 (δH 6.05), H-3 (δH 5.67), 
H-6a (δH 4.56) and H-6b (δH 4.45) signals of glucose were correlated to the galloyl 
carbonyl carbon signals at δC 165.2 (Gal-C-7′), 166.3 (Gal-C-7′′), and 166.5 (Gal-
C-7′′) in the HMBC spectrum (Figure 47), respectively. The HMBC correlation of 
H-4 (δH 5.54) with neochebuloyl carbonyl carbon (δC 173.5, Neocheb-C-7′) 
revealed that the 4-OH group of the central glucose was esterified with a 
neochebuloyl unit. The HMBC spectrum also showed the correlations of two 
methoxy protons to C-1′ (δC 169.7) and C-6′ (δC 172.2) of the neochebuloyl unit. 
The configuration of the neochebuloyl unit was determined as (2′S, 3′S, 4′S) 
according to a positive Cotton effect at 236 nm in the CD spectrum of chebulic acid 
from acid hydrolysate of 21. Acid hydrolysis of 10 yielded D-glucose which was 
determined by the method mentioned above. Thus, compound 10 was characterized 
as dimethyl neochebulinate and isolated for the first time from nature. 
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Figure 45. 1H and 13C NMR spectra of compound 21 
 
 
Figure 46. 1H-1H COSY spectrum of compound 21 
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Figure 47. HMBC spectrum of compound 21 
3.5. Compounds 22-24 
Compound 22 was obtained as yellowish amorphous powder and with molecular 
formula C41H32O28, indicated by (-)-HRESIMS at m/z: 971.0989 [M – H]- (calcd for 
C41H31O28, 971.1002). The 1H NMR spectrum of 22 showed signals at δH 7.10 (2H, 
s, Gal-H-2′,6′) indicating the presence of a galloyl ester unit. In compound 22, 
compared to 21, two galloyl units formed a hexahydroxydiphenoyl (HHDP) unit 
with evidence from the 1H-NMR signals at δH 6.83 and 6.70 (each 1H, s, HHDP-H-
5′, 5′′). The β-glucopyranose with 1C4 conformation was deduced from seven 
signals with a discrete 1H-1H COSY system and the coupling constants (3.0–3.2 Hz) 
of the H-1 and H-4 signals [δH 6.28 (1H, d, J = 3.0 Hz, H-1) and 5.70 (1H, d, J = 
3.2 Hz, H-4)] of glucose and carbon signal of C-1 at δC 94.7. The 1H–1H COSY 
spectrum also showed consecutive correlations from H-2′ (δH 5.50) to H-5′ (δH 2.86 
and 2.46) through H-3′ (δH 3.99) and H-4′ (δH 3.28) in the neochebuloyl unit. 
HMBC correlations were observed between carbonyl carbon signals at δC 168.3 
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(HHDP-C-7′) and 170.2 (HHDP-C-7′′) and the protons at δH 6.75 (HHDP-H-5′′) 
and 6.74 (HHDP-H-5′′) as well as between the carbonyl carbon signals at δC 166.7 
(Gal-C-7′) and the galloyl H-2′ and 6′ proton resonances at δH 7.07. The H-3 (δH 
4.90) and H-6 (δH 4.85 and 4.27) signals of glucose were correlated to the HHDP 
carbonyl carbon signals at δC 168.3 and 170.2 in the HMBC spectrum, respectively, 
and indicated that the HHDP unit was connected to C-3 and C-6 of the central 
glucose. Similarly, it was confirmed that the galloyl unit was connected to C-1 of 
the glucose. The correlation between H-4 (δH 5.70) of glucose with neochebuloyl 
carbonyl carbon (C-7′, δC 173.6) showed that the neochebuloyl unit was connected 
to C-4 of the central glucose. With above observed spectroscopic data, compound 
22 was confirmed as neochebulagic acid (Saijo et al., 1989). 
 
Figure 48. 1H and 13C NMR spectra of compound 22 
Compound 23 was obtained as yellowish amorphous powder and had the 
molecular formula C43H36O28 as determined by HRESIMS at m/z 999.1298 [M – 
H]- (calcd. for C43H35O28, 999.1315). Except for two methoxy moiety (δH 3.55/δC 
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53.0 and δH 3.52/δC 52.1), the 1D and 2D NMR spectral data of 23 were similar to 
those of compound 22. The signal by the methoxy moieties was correlated to C-1′ 
(δC 170.6) and C-6′ (δC 172.6) of the neochebuloyl unit in the HMBC spectrum 
(Figure 51). The absolute configuration of 3,6,-O-HHDP group was assigned to be 
(R)-configuration by CD spectrum of corilagin (42), which was isolated from a 
partial hydrolysate of 3, due to a strong negative Cotton effect at 237 nm (Okuda et 
al., 1982). To confirm the absolute configuration of the neochebuloyl unit, 
compound 3 underwent acid hydrolysis and yielded chebulic acid (34). The 
absolute configuration of chebulic acid was determined as (2′S, 3′S, 4′S) according 
to a positive Cotton effect at 235 nm in the CD spectrum (Yoshida et al., 1982). 
Acid hydrolysate of 23 affforded D-glucose which was determined by the method 
mentioned above (Tanaka et al., 2007). Thus, compound 23 was characterized as 
Dimethyl neochebulagate, which has been newly discovered from nature. 
 
Figure 49. 1H and 13C NMR spectra of compound 23 
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Figure 50. 1H-1H COSY spectrum of compound 23 
 
Figure 51. HMBC spectrum of compound 23 
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Compound 24 was obtained as a yellowish amorphous powder and had the 
molecular formula C43H36O28 as determined by HRESIMS at m/z 999.1315 [M – 
H]- (calcd. for C43H35O28, 999.1315). It was similar to the structures of 24 
according to the 1D- and 2D-NMR data. Significant differences between 24 and 23 
were the shielding of H-2′ (δH 5.38, Δ-0.18 ppm) and deshielding of H-3′ (δH 4.20, 
Δ0.23 ppm) and H-4′ (δH 3.55, Δ0.27 ppm) of the neochebuloyl unit. Additionally, 
the coupling constant between H-3′ and H-4′ (J3′4′ = 4.2 Hz) of the neochebuloyl 
unit was smaller than those of 23 (J3′4′ = 9.4 Hz) and all the other neochebuloyl 
moiety containing compounds which have the same configurations (Figure 53). 
Furthermore, the absence of ROESY cross peaks between H-2′ (δH 5.38) and H-4′ 
(δH 3.55) of neochebuloyl moiety provided further evidence for the stereochemistry 
of C-4′ of neochebuloyl moiety (Figure 56). These spectroscopic differences 
between 24 and 23 were analogous to those between chebulic acid (34) and 
neochebulic acid (37). Neochebulic acid, which was first reported by Ding et al., 
has the (2′S, 3′S, 4′R) configurations (Ding et al., 2000). Furthermore, 4′-epi-
neochebulagic acid, which was synthesized by hydrogenation of repandusinic acid 
A, has similar NMR spectroscopic characteristics to 24 (Saijo et al., 1989). The 
(R)-configuration of HHDP group was confirmed by CD spectrum of corilagin (42), 
which was isolated from a partial hydrolysate of 24. To confirm the absolute 
configuration of the 4′-epi-neochebuloyl unit, compound 24 underwent acid 
hydrolysis and gave neochebulic acid which was identified by HPLC analysis and 
comparison of CD spectra (positive Cotton effect at 213 nm) with an authentic 
sample (37). Acid hydrolysate of 24 also affforded D-glucose which was 
determined by the method mentioned above. Thus, compound 24 was characterized 
as dimethyl 4′-epi-neochebulagate and isolated first time from nature. 
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Figure 52. 1H and 13C NMR spectra of compound 24 
 
Figure 53. Comparison of expanded 1H NMR spectra between 23 and 24
Gal-2’,6’, 
Neocheb-2’’
1
Neocheb-2’
4
HHDP-5’,5’’
6b
3
6a
Neocheb-4’
Neocheb-3’
Neocheb-5’
2
2×OMe
5
1
Neocheb-2’
5
3
2
4
Neocheb-4’
Neocheb-3’
Neocheb-5’
6
2×OMeNeocheb-6’
HHDP-7’, 7’’
Neocheb-1’
Neocheb-7’’
Gal-7’
Neocheb-7’
Compound 24
Compound 23
Neoche H-2′
(δH 5.56) Neoche H-3′
(δH 3.97, dd, 9.4 0.9)
Neoche H-4′
(δH 3.28)
Neoche H-2′
(δH 5.38) Neoche H-3′
(δH 4.20, d, 4.2)
Neoche H-4′
(δH 3.55)
148 
 
 
Figure 54. 1H-1H COSY spectrum of compound 24 
 
Figure 55. HMBC spectrum of compound 24 
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Figure 56. Comparison of expanded ROESY spectra between 23 and 24 
3.6. Compound 25 
Compound 25 was obtained as white amorphous powder and gave a molecular 
formula of C27H24O19 as assigned by the negative HRESIMS peak at m/z 651.0825 
[M – H]- (calcd for C27H23O19, 651.0834). Its 1H NMR spectrum (Figure 57) 
revealed signals for a galloyl [δH, 7.13, (2H, s), Gal-H-2′, 6′] and a chebuloyl 
moiety [δH 7.45 (1H, s, Cheb-H-2′′), 5.10 (1H, dd, J = 1.5, 7.2 Hz, Cheb-H-3′), 4.78 
(1H, m, Cheb-H-2′), 3.81 (1H, ddd, J = 1.0, 4.1, 5.5 Hz, Cheb-H-4′), 2.15 (2H, m, 
Cheb-H-5′)]. In addition, the coupling constant of anomeric proton signal at δH 6.37 
(1H, d, J = 2.8 Hz, H-1) and the presence of anomeric carbon signal at δC 92.9 
suggested that glucose moiety was β-orientation with 1C4 conformation. Thus, 
compound 25 was confirmed as chebulanin by comparison with literatures 
(Pfundstein et al., 2010). 
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Figure 57. 1H and 13C NMR spectra of compound 25 
3.7. Compound 26  
Compound 26 was obtained as brown amorphous powder and [α]D
20= -68.1 (c 
0.10, MeOH). The (-)-HRESIMS exhibited quasi-molecular ion peak at m/z: 
447.0561 [M – H]- (calcd for C20H15O12, 447.0564) indicating C20H16O12 as its 
molecular formula. The presence of ellagic acid moiety was confirmed by its UV 
spectrum at 255 and 360 nm and two aromatic singlets at δH 7.70 and 7.43 (each 1H, 
H-5 and H-5′). The presence of α-rhamnopyranose with 1C4 conformation was 
deduced from five oxygenated methines [δH 5.42 (1H, s, H-1′′), 3.96 (1H, s, H-2′′), 
3.80 (1H, dd, J = 3.0 9.3 Hz, H-3′′), 3.50 (1H, m, H-5′′), 3.29 (1H, t, J = 9.4 Hz, H-
4′′)] along with a doublet methyl proton at δH 1.10 (3H, d, J = 6.2 Hz, H-6′′) and 
the very small vicinal coupling constants of the H-1′′ and H-2′′ signals (Figure 58). 
Rhamnosylation at C-4 of ellagic acid was confirmed by the HMBC correlation 
between the signals of H-1′′ (δH 5.42) and C-4 (δC 146.4). Thus, compound 26 was 
identified as eschweilenol C (Yang et al., 1998). 
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Figure 58. 1H and 13C NMR spectra of compound 26 
3.8. Compounds 27 and 28 
Compound 27 was obtained as white amorphous powder. Its molecular formula, 
C7H6O5, was confirmed from the (-)-HRESIMS data (m/z 169.0131 [M – H]-, calcd 
for C7H5O5, 169.0137). The 1H and 13C NMR spectra (Figure 59) of 27 displayed 
only one aromatic proton at δH 6.91 (2H, s, H-2, 6) and five carbons at δC 167.5 (C-
7), 145.4 (C-3, 5), 138.0 (C-4), 120.4 (C-1), 108.7 (C-2, 6), respectively. Based on 
above information, compound 27 was considered to be symmetrical. Thus, 
compound 27 was confirmed as gallic acid by comparison with literatures (Zhang 
et al., 2012). 
Compound 28 was obtained as yellowish amorphous powder. Its molecular 
formula, C8H8O5, was determined from the (-)-HRESIMS data (m/z 183.0289 [M – 
H]-, calcd for C8H7O5, 183.0293). 1H and 13C NMR data of 28 showed that its 
structure was similar to that of 27, except for a methoxy group [δH 3.81 (3H, s, 
OMe), δC 52.3 (OMe)]. The locations of the methoxy group was determined to be 
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C-7 position of gallic acid by analysis of the HMBC spectrum. Thus, compound 28 
was identified as methyl gallate (Madikizela et al., 2014).  
 
Figure 59. 1H and 13C NMR spectra of compound 27 
 
Figure 60. 1H and 13C NMR spectra of compound 28 
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3.9. Compounds 29 and 30 
Compound 29 was obtained as yellowish syrup and [α]D
20= -224.1 (c 0.10, 
MeOH). Its molecular formula was identified as C14H14O9 by (-)-HRESIMS data 
(m/z 325.0560 [M – H]-, calcd for C14H13O9, 325.0560). Its 1H NMR spectrum 
showed characteristic signals for a galloyl group at δH 7.08 (2H, s, H-2′, 6′). In 
addition, 1D NMR spectra (Figure 61) revealed the presence of a olefinic proton 
[δH 6.84 (1H, m, H-6)], three oxygenated methines [δH 5.11 (1H, dd, J = 3.8, 7.3 Hz, 
H-5), 4.69 (1H, t, J = 3.7 Hz, H-4), 4.27 (1H, dt, J = 9.7, 4.8 Hz, H-3)], one 
methylene [δH 2.68, 2.32 (each 1H, m, H-2a, 2b)], and one carboxylic carbon [δC 
169.1 (C-7)]. The above-mentioned analysis suggested that 29 have a shikimic acid 
group. The HMBC analysis indicated galloyl group was attached at C-4 of shikimic 
acid by the correlation from δH 4.69 (H-4) to δC 167.3 (C-7′). On the basis of above 
information, compound 29 was determined as 4-O-galloyl-(-)-shikimic acid 
(Ishimaru et al., 1987). 
Compound 30, which had the same molecular formula as 29 according to its (-)-
HRESIMS data (m/z 325.0559 [M – H]-, calcd for C14H13O9, 325.0560) was 
obtained as yellowish syrup and [α]D
20= -165.99 (c 0.10, MeOH). The upfield 
shifts of H-4 and C-4 (δH 4.15 and δC 70.1) and the downfield shifts of H-5 and C-5 
(δH 5.72 and δC 70.4) suggested that a galloyl group was located at C-5 in 30 
(Figure 62). Thus, compound 30 was elucidated as 5-O-galloyl-(-)-shikimic acid 
(Ishimaru et al., 1987). 
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Figure 61. 1H and 13C NMR spectra of compound 29 
 
Figure 62. 1H and 13C NMR spectra of compound 30 
3.10. Compounds 31-33 
Compound 31 was obtained as yellowish amorphous powder and equilibrium 
mixture in a ratio of 5:4. Its molecular formula was identified as C13H16O10 by (-)-
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HRESIMS at m/z 331.0649 [M – H]- (calcd for C13H15O10 331.0665). The 1H NMR 
signals at δH 5.10 (1H, d, J = 3.7 Hz, α-H-1) and 4.54 (0.8H, d, J = 7.8 Hz, β-H-1) 
and corresponding carbon signal at δC 93.2 (α-C-1) and 97.7 (β-H-1) indicated that 
compound 31 existed anomeric mixtures in solution, namely C-1 was not 
substituted (Figure 63). The 1H NMR spectrum also showed one galloyl group [δH 
7.10 (3.6H, s, α, β-H-2′,6′)]. The location of a galloyl moiety was determined to be 
C-6 position by strongly downfielded 1H NMR signals of H-6 [δH 4.49, 4.32 (α-H-
6), 4.45, 4.27 (β-H-6)]. Thus, compound 31 was identified as 6-O-galloyl-D-
glucose by comparison with literature (Hsu et al., 1994). 
Compound 32 was obtained as yellowish amorphous powder and equilibrium 
mixture in a ratio of 5:3. Its molecular formula C20H20O14, indicated by (-)-
HRESIMS (m/z: 483.0777 [M – H]-, calcd for C20H19O14 483.0775). Its 1H and 13C 
NMR spectra (Figure 64) suggested that compound 32 was also anomeric mitures. 
In addition, two aromatic singlets at δH 7.13 and 7.12 (each 3.2 H, s, α ,β-Gal-H-
2′,6′, 2′′,6′′) on its 1H NMR spectrum evidenced the presence of one additional 
galloyl unit in compound 32 compared to 31. The attachment of the two galloyl 
units was assigned to be the C-3 and C-6 position of central glucose by 
downfielded signals of H-3 [δH 5.39 (α-H-3) and 5.16 (β-H-3)] and H-6 [δH 4.52, 
4.41 (α-H-6), 4.51, 4.38 (β-H-6)] and HMBC correlation between H-3/C-7′′ and H-
6/C-7′. Therefore, compound 32 was confirmed as 3,6-di-O-galloyl-D-glucose. 
Compound 33 was obtained as yellowish amorphous powder with molecular 
formula C27H24O18, indicated by (-)-HRESIMS (m/z: 635.0889 [M – H]-, calcd for 
C27H23O18 635.0884) and equilibrium mixture in a ratio of 2:1. Based on the 1H and 
13C NMR spectra (Figure 65), compound 33 was determined to be anomeric 
mixtures. Its 1H NMR spectrum indicated that 33 had three galloyl moieties [δH 
7.14 (2H, s, α-Gal-H-2′′,6′′), 7.13 (1H, s, β-Gal-H-2′′,6′′), 7.02 (3H, s, α,β-Gal-H-
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2′,6′), 7.01 (2H, s, α-Gal-H-2′′′,6′′′), 6.99 (1H, s, β-Gal-H-2′′′,6′′′)]. The locations of 
three galloyl moieties were determined to be C-3, C-4, and C-6 by downfielded 
signals of H-3 [δH 5.70 (α-H-3) and 5.51 (β-H-3)], H-4 [δH 5.34 (α-H-4) and 5.33 
(β-H-4)] and H-6 [δH 4.41, 4.27 (α-H-6), 4.43, 4.25 (β-H-6)] and HMBC correlation 
between H-3/C-7′′, H-4/C-7′′′ and H-6/C-7′. Thus, compound 33 was characterized 
as 3,4,6-tri-O-galloyl-D-glucose (Wilkins, 1988). 
 
Figure 63. 1H and 13C NMR spectra of compound 31 
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Figure 64. 1H and 13C NMR spectra of compound 32 
 
Figure 65. 1H and 13C NMR spectra of compound 33 
3.11. Compounds 34-37 
Compound 34 was obtained as colorless syrup and has the molecular formula 
C14H12O11 according to negative HRESIMS analysis (m/z: 355.0302 [M – H]-, calcd 
for C14H11O11, 355.0301). The 13C NMR data of 34 (Figure 66) displayed three 
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carboxylic signals [δC 174.4 (C-7), 172.9 (C-6), 170.8 (C-1)], one lactone signal (δC 
163.3, C-7′), six aromatic signals [δC 145.3 (C-3′), 142.7 (C-5′), 138.7 (C-4′), 116.5 
(C-6′), 114.8 (C-1′), 107.6 (C-2′)], and four aliphatic signals [δC 76.3 (C-2), 43.7 
(C-4), 35.6 (C-3), 34.1 (C-5)]. Furthermore, its 1H NMR showed three methine 
protons at δH 5.08 (1H, s, H-2), 3.56 (1H, d, J = 8.4 Hz, H-3), 2.82 (1H, m, H-4) 
and one methylene at δH 2.67 (1H, dd, J = 11.3, 16.9 Hz, H-5a) and 2.06 (1H, dd, J 
= 3.5, 16.9 Hz, H-5b) with a discrete 1H-1H COSY system, and one-proton 
aromatic singlet at δH 6.87 (H-2′). The CD spectrum of 34 showed postivie Cotton 
effect at 235 nm. Based on above spectral data, compound 34 was identified as 
chebulic acid (Lee et al., 2007; Yoshida et al., 1982).  
Compound 35 was obtained as yellowish syrup. (-)-HRESIMS analysis indicated 
that 35 had molecular formula of C15H14O11 (m/z 369.0458 [M – H]-, calcd for 
C15H13O11, 369.0458). The 1H and 13C NMR spectra of 35 was analogous to those 
of 34 except for the signal of methoxy moiety. The HMBC analysis showed that the 
methoxy moiety was attached at C-6 (δC 173.9) by the correlation from δH 3.52 (3H, 
s, OMe). On the basis of above information, compound 35 was determined as 6-O-
methyl chebulate (Li Xiang-yu et al., 2010).  
Compound 36 was obtained as yellowish syrup and gave the molecular formula 
C15H14O11 (m/z 369.0436 [M – H]-, calcd for C15H13O11, 369.0458). A comparison of 
the 1H and 13C NMR data and molecular formula of 36 suggested that compound 
36 was regioisomer of 35. The location of methoxy unit was determined to be C-1 
by the HMBC correlation between δH 3.62 (3H, s, OMe) and δC 171.3 (C-1). 
Therefore, compound 36 was confirmed as 1-O-methyl chebulate (Li Xiang-yu et 
al., 2010). 
Compound 37, which had the same molecular formula as 34 according to its (-)-
HRESIMS data (m/z: 355.0305 [M – H]-, calcd for C14H11O11, 355.0301), was 
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obtained as colorless syrup. Its 1D NMR spectra (Figure 69) was also analogous to 
that of 34. Differences between 37 and 34 was the shielding of H-2 (δH 4.92, Δ-0.16 
ppm) and deshielding of H-3 (δH 3.94, Δ0.28 ppm) and H-4 (δH 3.20, Δ0.38 ppm). 
Furthermore, the signal of C-5 (δC 31.5) was found to move to upfield. Based on 
above spectroscopic data, compound 37 was confirmed as neochebulic acid, which 
has the (2S, 3S, 4R) configurations, by comparison with literature (Ding et al., 
2000).  
 
Figure 66. 1H and 13C NMR spectra of compound 34 
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Figure 67. 1H and 13C NMR spectra of compound 35 
 
Figure 68. 1H and 13C NMR spectra of compound 36 
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Figure 69. 1H and 13C NMR spectra of compound 37 
3.12. Compounds 38a and 38b 
Compound 38a and 38b were obtained as white amorphous powders and 
equilibrium mixture in a ratio of 7:3. The molecular formula of 38a and 38b were 
both determined as C14H10O9 by negative HRESIMS (321.0228 [M – H]-, calcd for 
C14H10O9, 321.0247). The MS fragment ion at m/z 169 [Gallic acid (C7H6O5) – H]- 
and molecular formula of 38a and 38b indicated that their structures consisted of 
two galloyl groups. The 1H NMR spectrum (Figure 70) showed two aromatic 
doublets with meta-coupling [δH 7.40 (1H, d, J = 1.8 Hz, meta-digallic acid-H-2), 
7.26 (1H, d, J = 1.8 Hz, meta-digallic acid-H-6)] and three aromatic singlets at δH 
7.23 (6/7 H, s, para-digallic acid-H-2', 6'), 7.22 (2H, s, meta-digallic acid-H-2', 6'), 
and 7.11 (6/7 H, s, para-digallic acid-H-2, 6). Based on above data and comparison 
with literature compound 38a and 38b was determined as m-digallic acid and p-
digallic acid, respectively (Verzele et al., 1983). 
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Figure 70. 1H and 13C NMR spectra of mixture of compound 38a and 38b 
3.13. Compound 39 
Compound 39 was obtained as yellow amorphous powder and its molecular 
formula was determined as C14H6O8 by the (-)-HRESIMS (m/z: 300.9983 [M – H]-, 
calcd for C14H6O8 300.9984). The characteristic UV spectrum (λmax 255 and 366 
nm) suggested that compound 39 had a ellagic acid skeleton. The 1H and 13C NMR 
spectra (Figure 71) of 39 showed only one aromatic proton at δH 7.45 (2H, s, H-5, 
5') and seven carbons at δC 159.1 (C-7, 7'), 148.1 (C-4, 4'), 139.6 (C-3, 3'), 136.3 
(C-2, 2'), 112.3 (C-1, 1'), 110.2 (C-5, 5'), and 107.6 (C-6, 6'). Based on above 
information, compound 39 was considered to be symmetrical. On the basis of 
above information, compound 39 was confirmed as ellagic acid (Goriparti et al., 
2013). 
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Figure 71. 1H and 13C NMR spectra of compound 39 
3.14. Compound 40 
  Compound 40 was obtained as white amorphous powder and [α]D
20= 21.6 (c 
0.10, MeOH). The molecular formula of 40 was C13H8O8 as determined by 
combined (-)-HRESIMS (m/z: 291.0133 [M – H]-, calcd for C13H7O8, 291.0141) 
and 13C NMR spectrum. Its 1H NMR spectrum (Figure 72) showed one aromatic 
singlet (δH 7.27, 1H, s, H-3'), one methine [δH 4.36 (1H, dd, J = 2.0, 8.0 Hz, H-4)], 
and one methylene [δH 2.91 (1H, dd, J = 8.0, 18.5 Hz, H-5a) and 2.52 (1H, m, H-
5b)]. In addition, its 13C NMR spectrum displayed signals for one carbonyl [δC 
193.6 (C-1)], one carboxylic [δC 173.4 (C-6)], one lactone [δC 160.3 (C-7')], two 
olefinic [δC 149.4 (C-2) and 145.2 (C-3)], six aromatic [δC 144.5 (C-6'), 140.6 (C-
4'), 139.4 (C-5'), 115.2 (C-2'), 113.0 (C-1'), and 108.0 (C-3')] and two aliphatic 
carbons [δC 41.2 (C-4) and 37.5 (C-5)]. Based on above spectroscopic data, 
compound 40 was identified as brevifolincarboxylic acid by comparison with 
literature (Yoshida et al., 1992).  
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Figure 72. 1H and 13C NMR spectra of compound 40 
3.15. Compound 41 
Compound 41 was obtained as light brown amorphous powder and its molecular 
formula (C27H26O20) was confirmed by the analysis of its (-)-HRESIMS data (m/z: 
669.0923 [M – H]-, calcd for C27H25O20, 669.0916). The 1H NMR spectrum (Figure 
73) of 41 displayed signals at δH 7.18 (2H, s, Gal-2′,6′) indicating the presence of a 
galloyl unit. The large coupling constant of the H-1 signal (δH 5.69, 1H, d, J = 7.8 
Hz) suggested the β-glucopyranose with 4C1 conformation. Furthermore, the 
presence of neochebuloyl moiety was deduced from one-proton aromatic singlet at 
δH 7.18 (1H, s, Neocheb-H-2′′), three methine protons at δH 5.31 (1H, d, J = 0.9 Hz, 
Neocheb-H-2′), 3.91 (1H, d, J = 8.4 Hz, Neocheb-H-3′) and 3.19 (1H, ddd, J = 4.2, 
8.4, 11.1 Hz, Neocheb-H-4′), and one methylene at δH 2.90 (1H, dd, J = 11.1, 17.1 
Hz, Neocheb-H-5′a) and 2.43 (1H, dd, J = 4.2, 17.1 Hz, Neocheb-H-5′b). The H-1 
(δH 5.69) and H-6 (δH 4.33 and 3.92) signals of glucose were correlated to the 
galloyl carbonyl carbon at δC 165.2 (Gal-C-7′) and neochebuloyl carbonyl carbon 
at δC 166.3 (Neocheb-C-7′) in the HMBC spectrum, respectively. Thus, compound 
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41 was confirmed as phyllanemblinin F (Zhang et al., 2001).  
 
Figure 73. 1H and 13C NMR spectra of compound 41 
3.16. Compounds 42 and 43 
Compound 42 was obtained as yellowish amorphous powder. The molecular 
formula (C27H22O18) was determined from (-)-HRESIMS (m/z: 663.0720 [M – H]-, 
calcd for C27H21O18, 663.0728) and 13C NMR spectra. The 1C4 conformation of the 
β-glucopyranose was deduced from the small coupling constants of the H-1 – H-4 
[δH 6.36 (1H, d, J = 1.8 Hz, H-1), 4.80 (1H, br s, H-3), 4.46 (1H, d, J = 3.0 Hz, H-
4), abd 3.98 (1H, d, J = 1.8 Hz, H-2)] signals and carbon signal of C-1 at δC 94.9 
(Figure 74). Its 1H NMR spectrum also displayed that the presence of one galloyl 
group [δH 7.05 (2H, s, Gal-H-2′, 6′)] and one HHDP group [δH 6.68 (1H, s, HHDP-
H-5′), 6.66 (1H, s, HHDP-H-5′′)]. The galloyl and HHDP group were determined 
to be attached to C-1 and C-3/C-6 of core glucose, respectively, by HMBC cross 
peak between H-1 (δH 6.36) and galloyl carbonyl carbon (δC 166.5) and H-3 (δH 
4.80)/H-6 (δH 4.95 and 4.52) and HHDP carbonyl carbon signals (δC 168.4 and 
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170.0). Based on these spectral data, compound 42 was identified as corilagin 
(Luyen et al., 2014). 
Compound 43 was obtained as light brown amorphous powder, and its molecular 
formula was identified as C34H26O22 by the negative HRESIMS (m/z: 785.0840 [M 
– H]-, calcd for C34H25O22 785.0837). Except for one additional galloyl moiety, its 
1H and 13C NMR spectra were similar to those of compound 42 (Figure 75). The 
attachment of the one additional galloyl unit in the central glucose moiety was 
assigned to be the C-4 position by downfielded 1H NMR signals of H-4 (δH 5.67) 
and HMBC correlation between the signals of H-4 and Gal-C-7′′ (δC 166.3). 
Therefore, compound 43 was determined as tercatain (Tanaka et al., 1986b).  
 
Figure 74. 1H and 13C NMR spectra of compound 42 
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Figure 75. 1H and 13C NMR spectra of compound 43 
3.17. Compounds 44 and 45 
Compound 44 was obtained as light brown amorphous powder and equilibrium 
mixture in a ratio of 1:1. Its molecular formula was identified as C27H22O18 by 
negative HRESIMS at m/z 633.0722 [M – H]- (calcd for C27H21O18 633.0728). The 
1H NMR signals at δH 5.25 (1H, d, J = 3.8 Hz, α-H-1) and 4.72 (1H, d, J = 7.8 Hz, 
β-H-1) and corresponding carbon signal at δC 93.7 (α-C-1) and 98.6 (β-H-1) 
indicated that compound 44 existed anomeric mixtures in solution (Figure 76). 
Furthermore, its 1H NMR spectrum displayed one galloyl group [δH 7.02 (2H, s, β-
Gal-H-2′,6′), 7.01 (2H, s, β-Gal-H-2′,6′)] and one HHDP group [δH 6.46, 6.45 (each 
1H, s, α, β-HHDP-H-5′), 6.61, 6.60 (each 1H, s, α, β-HHDP-H-5′′)]. The location 
of a galloyl and HHDP moiety were determined to be C-3 and C-4/C-6 positions by 
HMBC correlation between H-3/Gal-C-7′, H-4/HHDP-C-7′ and H-6/HHDP-C-7′′, 
respectively. Thus, compound 44 was identified as gemin D by comparison with 
literature (Yoshida et al., 1985). 
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Compound 45 was obtained as light brown amorphous powder and equilibrium 
mixture in a ratio of 5:2. Its molecular formula C34H26O22, indicated by (-)-
HRESIMS (m/z: 785.0840 [M – H]-, calcd for C34H25O22 785.0837). Its 1H and 13C 
NMR spectra indicated that compound 45 was also anomeric mitures (Figure 77). 
In addition, four aromatic singlets at δH 7.06, 6.98 (each 2H, s, α-Gal-H-2′,6′, 2′′,6′′), 
7.05, 6.94 (each 0.8 H, s, β-Gal-H-2′,6′, 2′′,6′′) on its 1H NMR spectrum evidenced 
the presence of one additional galloyl unit in compound 45 compared to 44. The 
attachment of the additional galloyl unit was assigned to be the C-2 position by 
HMBC correlation between H-2/Gal-C-7′′. Therefore, compound 45 was 
determined as tellimagrandin I (Hatano et al., 1988).  
 
Figure 76. 1H and 13C NMR spectra of mixture of compound 44 
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Figure 77. 1H and 13C NMR spectra of mixture of compound 45 
3.18. Compounds 46 and 47 
Compound 46 was obtained as yellowish amorphous powder. Its negative 
HRESIMS molecular ion at m/z 1083.0581 [M – H]- (calcd for C43H27O30 
1083.0587) and 13C NMR data were consistent with the molecular formula 
C48H28O30. The MS fragment ion at m/z 601 [Gallagic acid (C28H10O16) – H]- of 46 
indicated that it contained gallagyl moiety (Mininel et al., 2014). Its 1H spectrum 
(Figure 78) showed three aromatic one-proton singlets [δH 7.28 (1H, s, Gallagyl-H-
2''), 6.70 (1H, s, Gallagyl-H-2'), 6.35 (1H, s, HHDP-H-5'')]. Since in ellagitannins, 
the aromatic proton signals are observed as a pair of singlet, the appearance of the 
odd number of aromatic singlets indicated the presence of a C-glycosidic linkage in 
its structure (Nonaka, 1988). The 13C NMR spectrum of 46, which showed six 
alipathic glucose carbons in the region δC 74.5 – 67.4 ppm, did not show the 
hemiacetal carbon which was expected at δC 90 – 100 ppm. These results and 
absence of HMBC correlation between H-1 (δH 5.41, 1H, d, J = 4.7 Hz) and C-5 
(δC 72.8) indicate that the glucose moiety in 46 was in the open-chain form (Okuda 
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β-3
β-1
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et al., 1983). The configuration of C-1 of open-chain glucose was determined to be 
β-configuration by coupling constant of H-1 (d, J = 4.7 Hz) and comparison with 
previous literature (Tanaka et al., 1986a). The HMBC analysis confirmed the 
positions of the C-glycosidic linkage via correlations from H-1 and H-2 (δH 4.87, 
dd, J = 2.2, 4.7 Hz) to HHDP-C-5' (δC 116.2) established the C-glycosidic linkage 
between C-1 and HHDP-C-5'. Furthermore, the location of HHDP and gallagyl 
moiety were determined to be C-2/C-3 [H-2 (δH 4.87)/HHDP-C-7' (δC 165.3), H-3 
(δH 5.13)/HHDP-C-7'' (δC 168.8)] and C-4/C-6 [H-4 (δH 4.23)/Gallagyl-C-7' (δC 
168.0), H-6 (δH 3.81)/Gallagyl-C-7'' (δC 167.9)], respectively, by analysis of 
HMBC spectrum. Based on above spectroscopic data, compound 46 was confirmed 
as punicacortein C (Tanaka et al., 1986a).  
Compound 47 was obtained as light brown amorphous powder. The molecular 
formula of 47 was C48H28O30 as determined by combined (-)-HRESIMS (m/z: 
1083.0580 [M – H]-, (calcd for C43H27O30 1083.0587) and 13C NMR spectrum. The 
1H and 13C NMR spectra (Figure 79) of 47 were analogous to those of 46, but had 
some differences in the open-chain glucose moiety with the upfielded chemical 
shift and coupling constant of H-1 (δH 4.63, s) compared to those of 46. According 
to previous literature, these characters indicated the C-1 of open-chain glucose was 
the α-configuration. Thus, compound 47 was identified as punicacortein D (Tanaka 
et al., 1986a). 
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Figure 78. 1H and 13C NMR spectra of compound 46 
 
Figure 79. 1H and 13C NMR spectra of compound 47 
3.19. Compounds 48 and 49 
Compound 48 was obtained as light brown amorphous powder and equilibrium 
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mixture in a ratio of 5:3. Its molecular formula was identified as C48H28O30 by 
negative HRESIMS at m/z 1083.0574 [M – H]- (calcd for C48H27O30 1083.0587). 
The 1H NMR signals at δH 5.11 (1H, d, J = 3.5 Hz, α-H-1) and 4.72 (1H, d, J = 8.1 
Hz, β-H-1) and corresponding carbon signal at δC 90.3 (α-C-1) and 94.4 (β-H-1) 
indicated that compound 48 existed anomeric mixtures in solution (Figure 80). The 
MS fragment ion at m/z 601 [Gallagic acid (C28H10O16) – H]- and 301 [Ellagic acid 
(C14H6O8) – H]- of 48 suggested that it contained gallagyl and HHDP moiety, 
respectively (Mininel et al., 2014). Its 1H spectrum showed five aromatic singlets 
[δH 7.02 (1.6H, s, α, β-Gallagyl-H-2′′), 6.65 (0.6H, s, β-HHDP-H-5′′), 6.59 (0.6H, s, 
β-Gallagyl-H-2′), 6.58 (2H, s, α-HHDP-H-5'', α-Gallagyl-H-2′), and 6.52 (1.6H, s, 
α, β-HHDP-H-5′)], which supported to the presence of gallagyl and HHDP moiety. 
The location of HHDP and gallagyl moiety were determined to be C-2/C-3 and C-
4/C-6, respectively, by analysis of HMBC spectrum. Based on above spectroscopic 
data, compound 48 was confirmed as punicalagin (Ito et al., 2014). 
Compound 49 was obtained as light brown amorphous powder and equilibrium 
mixture in a ratio of 5:3. Its molecular formula C48H30O30, indicated by (-)-
HRESIMS (m/z: 1085.0734 [M – H]-, calcd for C48H29O30 1085.0744). Its 1H and 
13C NMR spectra indicated that compound 49 was also anomeric mitures (Figure 
81). The MS fragment ion at m/z 451 [flavogallonic acid (C21H8O12) – H]- and 301 
[Ellagic acid (C14H6O8) – H]- of 49 suggested that it had flavogallonyl and HHDP 
moiety, respectively (Gu et al., 2013). Its 1H NMR signals at δH 6.84 (2H, s, α-Gal-
H-2′,6′) and 6.82 (1.2H, s, β-Gal-H-2′,6′) indicated the presence of a galloyl moiety. 
The attachment of the galloyl, flavogallonyl, and HHDP moieties were determined 
to be the C-6, C-4, and C-2/C-3 positions of central glucose by HMBC correlation, 
respectively. Therefore, compound 49 was identified as terflavin A by comparison 
with literature (Tanaka et al., 1986b). 
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Figure 80. 1H and 13C NMR spectra of compound 48 
 
Figure 81. 1H and 13C NMR spectra of compound 49 
3.20. Compounds 50-55 
Compound 50 was obtained as white amorphous powder with the molecular 
formula C30H48O6 as deduced from the negative HRESIMS, which showed a quasi-
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molecular ion peak at m/z 503.3382 [M – H]- (calcd for C30H47O6 503.3373). Its 1H 
NMR spectrum (Figure 82) displayed the presence of six tertiary methyls [δH 1.59 
(H-27), 1.20 (H-29), 1.12 (H-30), 1.12 (H-24), 1.11 (H-26), and 1.09 (H-25)], one 
oxymethylene [δH 4.22 (1H, d, J = 10.5 Hz, H-23a) and 3.74 (1H, d, J = 10.5 Hz, 
H-23b)], three oxymethines [δH 4.28 (1H, td, J = 10.5, 4.1 Hz, H-2) 4.22 (1H, d, J = 
9.1 Hz, H-3), and 3.61 (1H, br s, H-19)] and one olefinic protons [δH 5.57 (1H, br t, 
J = 4.1 Hz, H-12)]. The 13C NMR spectrum exhibited signals for 30 carbons 
including one carboxyl (δC 181.4, C-28), one double bond (δC 145.4 and 123.5, C-
13 and 12), three oxygenated methines [δC 81.6 (C-19), 78.7 (C-3), and 69.3 (C-2)], 
one oxygenated methylene (δC 66.9, C-23), and other 23 carbon signals had 
chemical shifts from 14.8 to 49.0. Based on these spectral data suggested that 
compound 50 had an olean-12-en-28-oic acid skeleton (Mahato and Kundu, 1994). 
The HMBC correlations indicated that four hydroxyl groups were existed at C-2, 
C-3, C-19, and C-23. Coupling constant between H-2 and H-3 (J = 9.1 Hz) 
indicated that the hydroxyl groups at C-2 and C-3 of 50 were both equatorially 
oriented (2α-, 3β-) (Bisoli et al., 2008). Based on these spectral data and 
comparison with literature, compound 50 was determined as arjungenin (Gossan et 
al., 2016).  
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Figure 82. 1H and 13C NMR spectra of compound 50 
Compound 51 was obtained as a white amorphous powder and assigned a 
molecular formula of C50H68O21 from the (-)-HRESIMS peak at m/z 1003.4206 [M-
H]- (calcd for C50H67O21 1003.4175), which was confirmed by 13C NMR spectrum. 
Extensive studies of the 1D and 2D NMR spectra of 51 indicated the presence of 
six tertiary methyl groups at δH 1.00 (H-30), 1.06 (H-24), 1.08 (H-25), 1.14 (H-29), 
1.18 (H-26), and 1.89 (H-27) and one olefinic proton at δH 5.47 (br t, J = 4.2 Hz, 
H-12) with six corresponding methyl signals at δC 14.9 (C-24), 17.8 (C-25), 18.2 
(C-26), 25.2 (C-30), 25.6 (C-27), 29.2 (C-29), two typical olefinic carbon signals at 
δC 123.9 (C-12) and 145.2 (C-13), indicating olean-12-ene as an aglycone (Figure 
83). Furthermore, three oxygenated methine protons at δH 4.20 (1H, m, H-2), 4.11 
(1H, d, J = 9.1 Hz, H-3), and 3.55 (1H, br s, H-19), and oxygen-bearing methylene 
protons at δH 4.92 and 4.41 (each 1H, d, J = 11.1 Hz, H-23) and the corresponding 
carbons [δC 69.1 (C-2), 78.0 (C-3), 81.6 (C-21), and 68.6 (C-23)] were given in the 
NMR spectra, suggesting the hydroxylation C-2, C-3, C-19, and C-23. This 
assumption was supported by the HMBC correlations (Figure 84) of δH 4.20 (H-2) 
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with δC 78.0 (C-3), δH 4.11 (H-3) with δC 14.9 (C-24), 43.6 (C-4), 68.6 (C-23), and 
69.1 (C-2), δH 3.55 (H-19) with δC 25.5 (C-30), 29.2 (C-29), and 145.2 (C-13), and 
δH 4.92 and 4.41 (H-23) with 14.9 (C-24), 43.6 (C-4), 49.3 (C-5), and 78.0 (C-3). 
The orientations of the hydroxyl groups of C-2, C-3, and C-19 were assigned to be 
α, β, and α, respectively, according to the ROESY correlations [H-2 (δH 4.20) and 
H-25 (δH 1.08); H-3 (δH 4.11) and H-5 (δH 1.90); H-19 (δH 3.55) and H-30 (δH 1.00)] 
(Figure 85). The comparison of these 1D and 2D NMR data with the literature 
allowed the identification of the aglycone of 51 as the arjungenin (50, 
2α,3β,19α,23-tetrahydroxyolean-12-en-28-oic acid) (Gossan et al., 2016). 
Furthermore, the presence of a β–D-glucopyranose moiety was deduced from an 
anomeric proton signal at δH 6.39 (d, J = 8.1 Hz, H-1′′′) in the 1H NMR spectrum 
and from the six signals at δC 96.3 (C-1′′′), 74.7 (C-2′′′), 79.5 (C-3′′′), 71.6 (C-4′′′), 
79.8 (C-5′′′), and 62.6 (C-6′′′) in the 13C NMR spectrum.(Agrawal, 1992) The 
location of this β–D-glucopyranose unit at C-28 was confirmed from the HMBC 
correlation between the proton at δH 6.39 (H-1′′′) and C-28 at δC 177.8. In addition, 
the presence of one methylene at δH 3.75 (dd, J = 10.3 and 17.0 Hz, H-5′a) and 3.23 
(dd, J = 3.7 and 17.0 Hz, H-5′b) and three methine protons at δH 6.00 (br s, H-2′), 
5.03 (d, J = 8.3 Hz, H-3′) and 4.12 (m, H-4′) with a discrete 1H-1H COSY system 
and one-proton singlet at δH 7.89 (s, H-2′′) on the 1H NMR spectrum and carbon 
atoms of three carboxyl carbon signals at δC 175.0 (C-6′), 174.9 (C-7′), 173.5 (C-1′), 
one lactone signal at δC 165.6 (C-1′′) on the 13C NMR spectrum evidenced the 
presence of the neochebuloyl group which was converted into chebulic acid upon 
hydrolysis. This was also corroborated by the MS fragment ion at m/z 337 
[(neochebuloyl (C14H12O11) – H2O – H]-.(Pfundstein et al., 2010) The presence of 
the D-glucose and neochebuloyl moiety was confirmed by HPLC analysis on the 
acid hydrolysate of 51. The absolute configuration of the neochebuloyl moiety was 
determined as (2′S, 3′S, 4′S) according to a positive Cotton effect at 235 nm in the 
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CD spectrum of chebulic acid, which was isolated from acid hydrolysate of 
1.(Yoshida et al., 1982) Thus, compound 51 was characterized as 23-O-
neochebuloylarjungenin 28-O-β–D-glucopyranosyl ester. 
 
Figure 83. 1H and 13C NMR spectra of compound 51 
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Figure 84. HMBC spectrum of compound 51 
 
Figure 85. ROESY spectrum of compound 51 
Compound 52 was isolated as a light brown, amorphous powder. Its (-)-
HRESIMS peak at m/z 841.3647 [M-H]- (calcd for 841.3647) established a 
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molecular formula of C44H58O16, which is 162 mass units (C6H10O5) less than that 
of 51, suggesting that 52 is a deglycosylated derivative of 51. Except for the signals 
corresponding to the glucose moiety, the 1H and 13C NMR spectra (Figure 86) of 52 
were very similar to those of 51, but had some differences in the neochebuloyl 
moiety with the shielding of H-2′ (δH 5.80, Δ-0.20 ppm) and deshielding of H-3′ 
(δH 5.32, Δ+0.29 ppm) and H-4′ (δH 4.52, Δ+0.40 ppm) compared to those of 51 
(Figure 86). In addition, the coupling constant of H-3′ (d, J = 4.0 Hz) was smaller 
than that of 51 (d, J = 8.3 Hz). Furthermore, the absence of ROESY cross peaks 
between H-2′ and H-4′ provided further evidence for the stereochemistry of C-4′ 
(Figure 89). These spectroscopic differences between 52 and 51 were analogous to 
those between the chebulic acid (34) and neochebulic acid (37) with the 2′S, 3′S, 
and 4′R configurations. Furthermore, acid hydrolysate of 52 yielded neochebulic 
acid identified by HPLC analysis and comparison of CD spectra (positive Cotton 
effect at 213 nm) with an authentic sample. Thus, compound 2 was elucidated as 
23-O-4′-epi-neochebuloylarjungenin. 
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Figure 86. 1H and 13C NMR spectra of compound 52 
 
Figure 87. Comparison of expanded 1H NMR spectra between 51 and 52 
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Figure 88. HMBC spectrum of compound 52 
 
Figure 89. Comparison of expanded ROSEY spectra between 51 and 52 
Compound 53 was obtained as white amorphous powder and its molecular 
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formula was determined as C37H52O10 by (-)-HRESIMS (m/z: 655.3484 [M – H]-, 
calcd for C37H51O10, 655.3482). Its 1H and 13C NMR were analogous to those of 
compound 50, except for signals at δH 7.89 (2H, s, H-2′,6′) and δC 167.7 (C-7′), 
148.2 (C-3′,5′), 141.5 (C-4′), 122.0 (C-1′), and 110.6 (C-2′,6′) corresponding to 
galloyl group (Figure 90). The location of galloyl group was determined to be the 
C-23 positions by strongly downfielded 1H NMR signals of H-23 (δH 4.74 and 4.51, 
each 1H, d, J = 11.1 Hz) and HMBC correlation between the signals of H-23 and 
C-7′. Thus compound 53 was identified as 23-O-galloylarjunic acid (Machumi et 
al., 2013).  
Compound 54 was obtained as brown amorphous powder. Quasi-molecular ion 
peak of (-)-HRESIMS at m/z 817.4030 [M – H]- (calcd for C43H61O15 817.4010) 
indicated the molecular formula of 54 was C43H62O15. The 1H and 13C NMR spectra 
(Figure 91) of 54 were similar to those of 53, but there was an additional β-glucose 
moiety in structure of 54, which was deduced from a anomeric proton at δH 6.38 
(1H, d, J = 8.2 Hz, H-1′′) and anomeric carbon signal at δC 96.4 (C-1''). The 
location of β–D-glucopyranose unit at C-28 was confirmed from upfielded carbon 
signal of C-28 (δC 177.8) and HMBC correlation between H-1′′ and C-28. Thus, 
compound 54 was confirmed as quercotriterpenoside I (Marchal et al., 2011). 
Compound 55 was obtained as white amorphous powder and (-)-HRESIMS 
determined its molecular formula as C36H58O11, which was indicated by m/z value 
of 711.3958 [M + HCOOH – H]- (calcd for C37H59O13 711.3956). Based on 
molecular formula and NMR spectra, compound 55 was considered to be a 
degalloylated derivative of 54 (Figure 92). The attachment of the β–D-
glucopyranose moiety was assigned to be the C-28 position by upfielded carbon 
signal of C-28 (δC 177.8) and HMBC correlation between H-1′ (δH 6.39) and C-28. 
Thus, compound 55 was identified as arjunglucoside I (Abe and Yamauchi, 1987) 
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Figure 90. 1H and 13C NMR spectra of compound 53 
 
Figure 91. 1H and 13C NMR spectra of compound 54 
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Figure 92. 1H and 13C NMR spectra of compound 55 
3.21. Compounds 56 and 57 
Compound 56 was obtained as white amorphous powder. The molecular formula 
was determined to be C30H48O6 from (-)-HRESIMS at m/z 503.3384 [M – H]- 
(calcd for C30H47O6 503.3373). The 1H NMR spectrum (Figure 93) of 56 exhibited 
six tertiary methyl groups [δH 1.80 (3H, s, H-25), 1.76 (3H, s, H-24), 1.64 (3H, s, 
H-26), 1.25 (3H, s, H-27), 1.02 (3H, s, H-30), 0.94 (3H, s, H-29)] one olefinic 
proton [δH 5.58 (1H, br s, H-12)], one oxymethylene [δH 4.42 (1H, d, J = 10.4 Hz, 
H-23a), 4.06 (1H, d, J = 10.4 Hz, H-23b)], and three oxymethines [δH 5.11 (1H, br s, 
H-6), 4.43 (1H, m, H-2), 4.25 (1H, d, J = 9.3 Hz, H-3)]. In additions, its 13C NMR 
spectrum showed six tertiary methyl groups [δC 33.7 (C-29), 26.8 (C-27), 24.3 (C-
30), 19.5 (C-25), 19.1 (C-26), 16.4 (C-24)] four oxygenated carbons [δC 78.9 (C-3), 
69.6 (C-2), 68.1 (C-6), 66.7 (C-23)], two olefinic carbons [δC 144.7 (C-13), 123.4 
(C-12)], and one carboxylic carbon [δC 180.7 (C-28)]. These spectral data indicated 
that compound 56 was a tetra-hydroxyolean-12-enoic acid (Mahato and Kundu, 
1994). The comparison of these spectral data with the previous study allowed the 
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compound 56 as terminolic acid (2α,3β,6β,23-tetrahydroxyolean-12-en-28-oic acid) 
(Li et al., 2002).  
 
Figure 93. 1H and 13C NMR spectra of compound 56 
Compound 57 was obtained as light brown amorphous powder. Its (-)-HRESIMS 
showed a quasi-molecular ion peak at m/z 817.4025 [M – H]- (calcd for C43H61O15 
817.4010) consistent with the formula of C43H62O15. Analysis of its 1H and 13C 
NMR spectra (Figure 94) showed the presence of one β-glucopyranosyl moiety 
from signal at δH 6.29 (1H, d, J = 7.9 Hz, H-1'') and an anomeric carbon at δC 96.3 
(C-1''). Furthermore, the presence of galloyl unit was deduced from one aromatic 
singlet of two protons at δH 7.84 (H-2',6'), and one carboxyl ester carbon at δc 
167.7 (C-7′), three oxygenated aromatic carbons at δc 148.1 (C-3′ and 5′) and 141.5 
(C-4′), one aromatic quaternary carbon at δc 121.9 (C-1′), and two aromatic 
methines at δC 108.5 (C-2′ and 6′). Except for the signals corresponding to the β-
glucopyranosyl and galloyl moiety, the 1H and 13C NMR spectra of 57 was 
analogous to those of 56. The locations of the β-glucopyranosyl and galloyl moiety 
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was determined to be C-28 (δc 176.9) and C-23 (δc 67.6) position of aglycone by 
analysis of its HMBC spectrum. With above observed spectroscopic data, 
compound 57 was identified as 23-O-galloylterminolic acid 28-O-β-D-
glucopyranosyl ester. 
 
Figure 94. 1H and 13C NMR spectra of compound 57 
3.22. Compounds 58-61 
Compound 58 was obtained as white amorphous powder with molecular formula 
C30H48O5 indicated by (-)-HRESIMS (m/z: 487.3436 [M – H]-, calcd for C30H47O5 
487.3423). The 1H NMR spectrum (Figure 95) of 58 exhibited the presence of six 
tertiary methyls groups [δH 1.22 (H-27), 1.11 (H-30), 1.09 (H-24), 1.09 (H-26), 
1.06 (H-25), and 0.93 (H-29)], one olefinic protons [δH 5.48 (1H, br t, J = 3.2 Hz, 
H-12)], one oxymethylene [δH 4.24 (1H, d, J = 10.5 Hz, H-23a) and 3.74 (1H, d, J 
= 10.5 Hz, H-23b)], two oxymethines [δH 4.25 (1H, m, H-2) 4.22 (1H, d, J = 8.2 Hz, 
H-3)]. The 13C NMR spectrum showed signals for 30 carbons including one 
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carboxyl (δC 180.7, C-28), one double bond (δC 145.3 and 123.0, C-13 and 12), two 
oxygenated methines [δC 78.6 (C-3), and 69.4 (C-2)], one oxygenated methylene 
(δC 66.9, C-23), and other 24 carbon signals had chemical shifts from 14.9 to 48.7. 
Based on these spectral data indicated that compound 58 was trihydroxy-olean-12-
en-18-oic acid skeleton. The locations of three hydroxyl groups were determined to 
be at C-2, C-3, and C-23 from its HMBC spectrum. Furthermore, large coupling 
constant between H-2 and H-3 (J = 8.2 Hz) suggested to their axial disposition, 
which indicated that the hydroxyl groups at C-2 and C-3 of 58 were both 
equatorially (2α-, 3β-) oriented. Based on these results, compound 58 was 
determined as arjunolic acid by comparison with literature (Huang et al., 2016). 
Compound 59 was obtained as white amorphous powder and displayed a formic 
acid adducted ion at m/z 695.4022 [M + HCOOH – H]- (calcd for C37H59O12 
695.4007) in the (-)-HRESIMS consistent with the molecular formula C36H58O10. 
The 1H and 13C NMR of 59 were similar to those of compound 58, except for 
signals at δH 6.34 (1H, d, J = 8.1 Hz, H-1′) and six oxygenate protons between δH 
4.49 and 4.05 ppm and δC 96.3 (C-1′), 79.9 (C-5′), 79.4 (C-3′), 74.6 (C-2′), 71.7 (C-
4′) and 62.8 (C-6′) corresponding to β-glucopyranosyl moiety (Figure 96). The 
location glucopyranose moiety of was determined to be the C-28 position by 
upfielded 13C NMR signal of C-28 (δC 177.0) and HMBC correlation between the 
signals of H-1′ and C-28. Thus compound 53 was confirmed as arjunglucoside II 
(Bisoli et al., 2008).  
Compound 60 was obtained as white amorphous powder. Its molecular formula 
of C37H52O9 was established by the quasi-molecular ion peak at m/z 639.3535 [M – 
H]- (calcd for C37H51O9 639.3535).  The 1H and 13C NMR of 60 were analogous to 
those of compound 58, but additional signals at δH 7.85 (2H, s, H-2′,6′) and δC 
167.6 (C-7′), 148.2 (C-3′,5′), 141.5 (C-4′), 122.0 (C-1′), and 110.6 (C-2′,6′), 
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corresponding to galloyl moiety, were shown (Figure 97). The location of galloyl 
group at C-23 was suggested by the pronounced downfield shift of H-23 (δH 4.67 
and 4.50, each 1H, d, J = 11.0 Hz) and HMBC correlation between the signals of 
H-23 and C-7′. Thus compound 53 was identified as 23-O-galloylarjunolic acid 
(Conrad et al., 1998). 
Compound 61 was obtained as light brown amorphous powder. Its HRESIMS 
(negative mode) showed an ion peak at m/z 801.4066 [M – H]- (calcd for C43H61O14 
801.4061) consistent with the molecular formula of C43H62O15. On the basis of its 
1H and 13C NMR spectra, aglycone of compound 61 was identified as arjunolic acid 
(58). In addition, one aromatic singlet at δH 7.87 (2H, s, H-2′,6′) on its 1H NMR 
spectrum and carbon signals at δC 167.6 (C-7′), 148.1 (C-3′,5′), 141.4 (C-4′), 122.0 
(C-1′), and 110.5 (C-2′,6′) evidenced the presence of galloyl unit in compound 61 
(Figure 98). The linkage position of the galloyl unit at C-23 position was confirmed 
from the cross peak correlation displayed on the HMBC spectrum between H-23 
[δH 4.71 and 4.53 (each 1H, d, J = 11.1 Hz)] and C-7′. Furthermore, the presence of 
an anomeric proton signal at δH 6.33 (1H, d, J = 8.1 Hz, H-1′′) and anomeric carbon 
signal at δC 96.2 (C-1′′) confirmed the presence of a β-glucopyranose unit. The 
location of glucose moiety at C-28 position was determined by the HMBC cross 
peak correlation between the anomeric proton and C-28 (δC 176.9). Thus, 
compound 61 was elucidated as 23-O-galloylarjunolic acid 28-O-β-D-
glucopyranosyl ester (Conrad et al., 1998).  
189 
 
 
Figure 95. 1H and 13C NMR spectra of compound 58 
 
Figure 96. 1H and 13C NMR spectra of compound 59 
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Figure 97. 1H and 13C NMR spectra of compound 60 
 
Figure 98. 1H and 13C NMR spectra of compound 61 
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3.23. Compounds 62 and 63 
Compound 62 was obtained as white amorphous powder. The (-)-HRESIMS of 
62 exhibited a quasi-molecular ion peak at m/z: 487.3432 [M – H]- indicating a 
molecular formula of C30H48O5 (calcd for C30H47O5 487.3423). Its 1H and 13C NMR 
spectra (Figure 99) showed typical signals for olean-12-ene-28-oic acid skeleton 
including seven tertiary methyl groups [δH 1.61 (H-27), 1.27 (H-23), 1.17 (H-29), 
1.10 (H-24), 1.10 (H-23), 1.06 (H-25), and 1.01 (H-26)] as well as an olefinic 
proton (δH 5.53, br t, J = 3.2 Hz, H-12), two olefinic carbons (δC 145.4 and 123.9), 
and a carboxyl carbon (δC 181.4). In addition, the 1H NMR spectrum of 62 
exhibited three oxymethine protons at δH 4.08 (1H, td, J = 10.3, 4.3 Hz, H-2), 3.60 
(1H, br s, H-19), and 3.36 (1H, d, J = 9.4 Hz, H-3), which indicated that compound 
62 had three hydroxyl groups. The HMBC correlations indicated that four hydroxyl 
groups were located at C-2, C-3, and C-19. Coupling constant between H-2 and H-
3 (J = 9.4 Hz) suggested that the hydroxyl groups at C-2 and C-3 were both 
equatorially oriented (2α, 3β). Based on these spectral data and comparison with 
literature, compound 62 was determined as arjunic acid (Joo et al., 2016). 
Compound 63 was obtained as white amorphous powder and showed a 
molecular ion peak [M + HCOOH – H]- at m/z 695.4018 (calcd for C37H59O12 
695.4007) in the negative HRESIMS consistent with the molecular formula 
C36H58O10. Analysis of the 1H and 13C NMR spectra (Figure 100) of 63 indicated 
the presence of a β-glucopyranosyl moiety from signal at δH 6.41 (1H, d, J = 8.1 Hz, 
H-1') and an anomeric carbon at δC 95.7 (C-1'). Except for the signals 
corresponding to the β-glucopyranose moiety, the 1H and 13C NMR spectra of 57 
was similar to those of 62. The location of β-glucopyranose moiety of was 
determined to be the C-28 position by HMBC correlation between the signals of H-
1′ (δH 6.41) and C-28 (δC 177.7). Thus compound 53 was confirmed as arjunetin 
(Zhou et al., 1992).  
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Figure 99. 1H and 13C NMR spectra of compound 62 
 
Figure 100. 1H and 13C NMR spectra of compound 63 
3.24. Compound 64 
Compound 64 was obtained as white amorphous powder Its molecular formula, 
C36H58O10 was determined by (-)-HRESIMS (m/z: 695.4011 [M + HCOOH – H]-, 
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calcd for C37H59O12 695.4007). The 1H NMR spectrum (Figure 101) exhibited the 
presence of six methyls [δH 1.60 (H-27), 1.22 (H-26), 1.16 (H-29), 1.09 (H-24), 
1.05 (H-25), and 1.00 (H-30)], one oxymethylene [δH 4.19 and 3.74 (each 1H, d, J 
= 10.3 Hz, H-23), two oxymethines [δH 4.23 (1H, m, H-3), 3.60 (1H, br s, H-19], 
and an olefinic protons [δH 5.55 (1H, br t, J = .4.0 Hz, H-12)]. These characters and 
the chemical shifts of one carboxyl carbon (δC 177.8) and two olefinic carbons (δC 
144.8 and 124.3) suggested that compound 64 had olean-12-ene-28-oic acid 
skeleton. Furthermore, 1H and 13C NMR signals at δH 6.42 (1H, d, J = 8.1 Hz, H-1′) 
and six oxygenate protons between δH 4.47 and 4.06 ppm and δC 96.4 (C-1′), 79.8 
(C-5′), 79.4 (C-3′), 74.6 (C-2′), 71.5 (C-4′) and 62.6 (C-6′) indicated the presence 
of β-glucopyranosyl moiety. The HMBC spectrum indicated that the three hydroxyl 
groups were existed at C-3, C-19, and C-23. The location of β-glucopyranose 
moiety of was also determined to be the C-28 position by HMBC correlation 
between the signals of H-1′ (δH 6.42) and C-28 (δC 177.8). On the basis of above 
spectral data and comparison with literature, compound 64 was identified as 
crataegioside (Jung et al., 2001).  
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Figure 101. 1H and 13C NMR spectra of compound 64 
3.25. Compounds 65 and 66 
Compound 65, white amorphous powder, was determined to have a molecular 
formula of C36H56O10 by its (-)-HRESIMS peak at m/z 693.3864 [M + HCOOH – 
H]- (calcd for C37H57O12 693.3850). The 1H NMR spectrum (Figure 102) showed 
five methyl singlets at δH 1.03 (H-27), 1.08 (H-24), 1.14 (H-25), 1.22 (H-26), and 
1.79 (H-29), one methyl doublet at δH 1.02 (d, J = 7.0 Hz), two oxygen-bearing 
methine protons at δH 4.28 (1H, m, H-2) and 4.23 (1H, d, J = 9.3 Hz, H-3), oxygen-
bearing methylene protons at δH 4.23 and 3.74 (each 1H, d, J = 10.4 Hz, H-23), and 
an olefinic proton at δH 5.71 (H-12, br t, J = 3.8 Hz). In addition, the 13C NMR 
showed four olefinic signals (δC 127.1, 134.3, 136.4, and 139.3), of which δC 127.1 
and 139.3 were typical of a double bond at C-12 and C-13 of an urs-12-ene-type 
triterpene, (Mahato and Kundu, 1994) and a carboxyl carbon signal at δC 175.2. 
The HMBC correlations indicated that a carboxyl group and three hydroxyl groups 
were existed at C-28, C-2, C-3, and C-23, respectively. The other double bond was 
also identified at C-18 – C-19 by the HMBC cross-peaks. Large coupling constant 
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of H-3 (J = 9.7 Hz) indicated that the hydroxyl moieties at C-2 and C-3 of 65 were 
oriented in the α-, β- position resepectively. Based on these data, the aglycone of 
65 was identified as pinfaenoic acid (Durham et al., 1996). The presence of one 
glucopyranosyl moiety and its β-orientation were evident from the anomeric proton 
signal at δH 6.35 (H-1′, d, J = 8.2 Hz) and its typical signals at δC 96.3 (C-1′), 79.6 
(C-5′), 79.4 (C-3′), 74.6 (C-2′), 71.7 (C-4′), and 62.8 (C-6′) and its location was 
determined to be the C-28 position by HMBC correlation between the signals of H-
1′ (δH 6.35) and C-28 (δC 175.2). Based on these spectral data, compound 65 was 
identified as pinfaenoic acid 28-O-β-D-glycopyranosyl ester (Durham et al., 1996). 
 
Figure 102. 1H and 13C NMR spectra of compound 65 
Compound 66 was obtained yellowish amorphous powder. Its molecular formula 
of C43H60O14 was determined by the quasi-molecular ion peak at m/z 799.3889 [M 
– H]- (calcd for C43H59O14 693.3850).  The 1H and 13C NMR of 66 were similar to 
those of compound 65, except for the additional signals at δH 7.85 (2H, s, H-2′,6′) 
and δC 167.6 (C-7′), 148.2 (C-3′,5′), 141.4 (C-4′), 121.9 (C-1′), and 110.5 (C-2′,6′), 
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corresponding to galloyl unit, were displayed (Figure 103). The location of galloyl 
group at C-23 was indicated by the strongly downfield shift of H-23 (δH 4.75 and 
4.50, each 1H, d, J = 11.0 Hz) and HMBC correlation between the signals of H-23 
and C-7′ (Figure 104). Thus compound 66 was identified as 23-O-galloylpinfaenoic 
acid β-D-glycopyranosyl ester and it was isolated from nature for the first time. 
 
Figure 103. 1H and 13C NMR spectra of compound 66 
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Figure 104. HMBC spectrum of compound 66 
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Figure 105. Isolated compounds from T. chebula fruits (continued) 
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Figure 106. Isolated compounds from T. chebula fruits 
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4. Inhibitory activities of compounds from T. chebula against Baker’s yeast 
α-glucosidase, rat intestinal α-glucosidase, porcine pancreatic α-amylase, 
and PTP-1B. 
The IC50 values of 66 isolated compounds against Baker’s yeast α-glucosidase 
were tested and are shown in Table 28. The results show remarkable variations in 
the inhibitory activity, due to their structural differences. Among these compounds, 
4-O-(2′′,4′′-di-O-galloyl-α-L-rhamnosyl)ellagic acid (11, IC50 6.4 μM) and 1,2,3,6-
tetra-O-galloyl-4-O-cinnamoyl-β-D-glucose (12, IC50 2.9 μM) showed most potent 
α-glucosidase inhibitory activity. The inhibitory activities of cinnamoyl-conatining 
gallotannins (IC50 68.4–2.9 μM) (12, 13, 16, and 17) were enhanced with the 
increase of a free galloyl unit. Rhamnosylated ellagic acid derivatives (9–11, and 
26), although eschweilenol C (26) had no inhibitory activity in this study, showed 
potent inhibitory activities (IC50 37.9–6.4 μM) against α-glucosidase. In addition, 
they showed more potent inhibitory activity when compared with the simple 
gallotannins that have the same galloyl unit (14, 15, 31, and 32). Hence, it was 
suggested that the 4-O-rhamnosyl ellagic acid group has a significant role in α-
glucosidase inhibition. Among chebulic ellagitannins (2-4, 7, 18-25, and 41) and 
chebulic acid derivatives (34–37), phyllanemblinins (19, 20, and 41), 
neochebulagic acid derivatives (3, 22–24), and chebulic acid derivatives (34–37) 
had no inhibitory activities. Neochebulinic acid derivatives (4 and 21) and 
chebulinic acid (7), which have three galloyl units, showed moderate inhibitory 
activities (IC50 59.5 25.4, and 24.0 μM, respectively). Chebulanin (25), which has a 
2-4-O-chebuloyl unit and only one galloyl unit, had no inhibitory activity. These 
results suggested that the 4-O-neochebuloyl and 2-4-O-chebuloyl unit did not have 
a significant influence on α-glucosidase inhibition. Interestingly, chebulagic acid 
(18) had no inhibitory activity (IC50 >100 μM) whereas its methyl derivative 
methyl chebulagate (18) showed good inhibitory activity (IC50 16.3 μM), which 
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indicated that the presence of methyl group in 2-4-O-chebuloyl unit of 18 played 
an important role in enzyme inhibition. Mono-, di-galloyl glucose (14, 15, 31, 32), 
Simple gallic acid esters (27, 28, and 38), and monogalloyl shikimic acid (29 and 
30) had no α-glucosidase inhibitory activities (IC50 >100 μM). Whereas, tetra- and 
penta- galloyl glucose (5, 6, and 8) showed significant inhibitory activities (IC50 
15.7–8.3 μM). When compared the inhibition activity of 42 (IC50 >200 μM), and 43 
(IC50 48.1 μM) with their respective structural isomer 44 (IC50 62.7 μM), and 45 
(IC50 29.3 μM), 4-6-O-hexahydroxyphenyl (HHDP) moiety played more important 
role than 3-6-O-HHDP moiety in α-glucosidase inhibition. Compound 46–49, with 
bulky a gallagyl (46–48) or flavogallonyl unit (49), showed moderate inhibitory 
activity (IC50 38.3-18.7 μM). Compounds 60 (IC50 21.7 μM) and 61 (IC50 64.2 μM), 
which have the same aglycone, arjunolic acid, and 23-O-galloyl moiety were most 
active compounds among triterpene derivatives. Other triterpene derivatives (50-59 
and 62-66) did not show inhibitory activity. 
Table 28. Baker’s yeast α-glucosidase inhibitory activity of compounds 1–66 
Compound IC50 (μM) Compound IC50 (μM) Compound IC50 (μM) 
1 > 100 23 > 100 45 29.3 ± 1.2 
2 > 100 24 > 100 46 38.3 ± 6.5 
3 > 100 25 24.0 ± 4.0 47 35.5 ± 2.4 
4 59.5 ± 9.6 26 > 100 48 18.7 ± 3.3 
5 15.7 ± 0.8 27 > 100 49 19.8 ± 1.3 
6 15.5 ± 0.6 28 > 100 50 > 100 
7 24.0 ± 4.0 29 > 100 51 > 100 
8 8.3 ± 0.5 30 > 100 52 > 100 
9 37.9 ± 6.7 31 > 100 53 > 100 
10 12.3 ± 2.0 32 > 100 54 > 100 
11 6.4 ± 1.0 33 > 100 55 > 100 
12 2.9 ± 0.8 34 > 100 56 > 100 
13 14.7 ± 2.7 35 > 100 57 > 100 
14 > 100 36 > 100 58 > 100 
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15 > 100 37 > 100 59 > 100 
16 46.1 ± 5.1 38 > 100 60 21.7 ± 5.6 
17 68.4 ± 7.5 39 > 100 61 64.2 ± 13.6 
18 16.3 ± 2.1 40 > 100 62 > 100 
19 > 100 41 > 100 63 > 100 
20 > 100 42 > 100 64 > 100 
21 > 100 43 48.1 ± 7.1 65 > 100 
22 25.4 ± 2.4 44 62.7 ± 5.6 66 > 100 
Acarbose (positive control): 174.0 ± 29.8 μM 
*All the assays were conducted in triplicate.  
*IC50 values represent means ± standard deviation. 
To determine the mode of inhibition of Baker’s yeast α-glucosidase, 4-O-(2′′,4′′-
di-O-galloyl-α-L-rhamnosyl) ellagic acid (11) and 1,2,3,6-tetra-O-galloyl-4-O-
cinnamoyl-β-D-glucose (12), which were the most potent inhibitors in this study, 
were analyzed by Michaelis-Menten studies. In this study, as shown in Figure 107, 
the Lineweaver-Burk plots of 11 and 12 had no intersection on the x or y axis, 
indicating that the mode of inhibition was the mixed-inhibition mode. Furthermore, 
Ki, the inhibition constants, values were 4.0 and 1.9 μM, respectively. Acarbose, 
the positive control used in this study, displayed competitive inhibition against α-
glucosidase. The Inhibition mode of acarbose in this study was consistent with 
previous studies (Kashtoh et al., 2014; Sivasothy et al., 2016). 
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Figure 107. Lineweaver-Burk double-reciprocal plots for the inhibition of Baker’s 
yeast α-glucosidase in the presence of (A) 4-O-(2′′,4′′-di-O-galloyl-α-l-
rhamnosyl)ellagic acid (11), (B) 1,3,4,6-tetra-O-galloyl-2-O-cinnamoyl-β-d-
glucose (12), and (C) acarbose (positive control). 
 
Table 29 and 30 showed the inhibitory activity against rat intestinal α-
glucosidase and porcine pancreatic α-amylase of all isolated compounds.  
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Table 29. Rat intestinal α-glucosidase inhibition of compounds 1-66 
Cpd.  
No. 
Inhibition 
(%)a 
Cpd. 
No. 
Inhibition 
(%)a 
Cpd. 
No. 
Inhibition 
(%)a 
1 33.1 ± 3.6 23 12.9 ± 0.6 45 36.5 ± 5.5 
2 11.3 ± 0.1 24 7.9 ± 0.4 46 9.2 ± 0.6 
3 3.1 ± 0.2 25 16.5 ± 0.1 47 6.2 ± 0.2 
4 18.0 ± 0.7 26 4.9 ± 0.1 48 25.0 ± 6.0 
5 47.7 ± 8.7 27 NIb 49 31.7 ± 4.4 
6 56.4 ± 8.8 28 2.7 ± 0.2 50 1.4 ± 0.3 
7 22.3 ± 0.2 29 NIb 51 3.4 ± 0.7 
8 98.1 ± 6.3 30 0.8 ± 0.1 52 4.3 ± 0.3 
9 4.3 ± 0.2 31 3.1 ± 0.1 53 7.4 ± 0.2 
10 8.6 ± 0.1 32 10.1 ± 0.8 54 4.1 ± 0.2 
11 7.7 ± 0.3 33 28.7 ± 1.2 55 NIb 
12 21.4 ± 0.8 34 22.1 ± 2.0 56 5.1 ± 0.6 
13 10.4 ± 0.8 35 24.7 ± 3.4 57 4.2 ± 0.7 
14 3.1 ± 0.2 36 17.0 ± 2.4 58 2.4 ± 0.6 
15 10.3 ± 0.7 37 21.3 ± 2.6 59 3.2 ± 1.2 
16 6.6 ± 0.4 38 2.1 ± 0.1 60 22.1 ± 1.8 
17 7.1 ± 0.5 39 29.5 ± 1.6 61 14.3 ± 0.5 
18 20.3 ± 0.1 40 12.1 ± 0.9 62 3.7 ± 0.5 
19 18.9 ± 0.2 41 2.5 ± 0.1 63 3.8 ± 1.4 
20 20.4 ± 1.1 42 9.8 ± 0.3 64 4.8 ± 0.5 
21 23.8 ± 1.4 43 30.2 ± 2.8 65 3.6 ± 0.2 
22 3.4 ± 0.2 44 23.9 ± 4.5 66 2.5 ± 0.3 
Acarbose
c 
58.6 ± 4.9         
a Percentage of inhibition at the concentration of 100 μM. Data presented is the 
mean ± SD of sample runs in triplicate. 
c No inhibition. 
d Positive control 
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Table 30. Porcine pancreatic α-amylase inhibition of compounds 1-66 
Cpd.  
No. 
Inhibition 
(%)a 
Cpd. 
No. 
Inhibition 
(%)a 
Cpd. 
No. 
Inhibition 
(%)a 
1 6.6 ± 0.2 23 4.7 ± 0.2 45 0.5 ± 0.1 
2 1.3 ± 0.1 24 5.6 ± 0.1 46 1.7 ± 0.1 
3 5.0 ± 0.1 25 1.1 ± 0.1 47 1.1 ± 0.1 
4 2.3 ± 0.1 26 1.6 ± 0.2 48 1.4 ± 0.1 
5 8.4 ± 0.5 27 2.8 ± 0.1 49 1.7 ± 0.1 
6 7.6 ± 0.2 28 4.0 ± 0.1 50 0.8 ± 0.1 
7 1.7 ± 0.1 29 4.9 ± 0.1 51 2.2 ± 0.2 
8 94.2 ± 0.9 30 6.2 ± 0.1 52 1.9 ± 0.1 
9 NIb 31 1.9 ± 0.1 53 0.8 ± 0.2 
10 2.7 ± 0.2 32 5.8 ± 0.1 54 NIb 
11 2.9 ± 0.1 33 7.8 ± 0.4 55 NIb 
12 11.0 ± 1.1 34 4.2 ± 0.2 56 3.8 ± 0.4 
13 7.0 ± 0.3 35 5.3 ± 0.3 57 1.1 ± 0.2 
14 4.8 ± 0.3 36 4.2 ± 0.1 58 4.9 ± 0.2 
15 4.7 ± 0.2 37 4.9 ± 0.2 59 2.9 ± 0.3 
16 4.5 ± 0.1 38 7.6 ± 0.1 60 4.3 ± 0.7 
17 5.7 ± 0.2 39 1.2 ± 0.1 61 2.4 ± 0.2 
18 NIb 40 4.8 ± 0.1 62 3.1 ± 0.4 
19 5.9 ± 0.1 41 2.5 ± 0.1 63 3.6 ± 0.2 
20 6.2 ± 0.1 42 1.0 ± 0.1 64 2.8 ± 0.3 
21 4.0 ± 0.1 43 0.9 ± 0.1 65 1.2 ± 0.1 
22 4.3 ± 0.1 44 0.8 ± 0.1 66 1.7 ± 0.2 
Acarbose
c 
72.1 ± 1.5         
a Percentage of inhibition at the concentration of 100 μM. Data presented is the 
mean ± SD of sample runs in triplicate. 
c No inhibition. 
d Positive control 
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  In the case of rat intestinal alpha glucosidase and porcine pancreatic alpha 
amylase, only compound 8 showed potent inhibitory activities compared to the 
positive control, acarbose. The IC50 values of 8 against rat intestinal alpha 
glucosidase and porcine pancreatic alpha amylase were 17.3 ± 2.2 and 13.4 ± 0.8 
μM, respectively. Acarbose, the positive control used in this study, showed rat 
intestinal alpha glucosidase and porcine pancreatic alpha amylase inhibitory 
activities with IC50 values 30.0 ± 3.6 and 27.3 ± 2.0 μM, respectively, which was 
similar to previous reports (Boath et al., 2012; Ponnusamy et al., 2012). 
  The inhibitory effects of all isolated compounds against PTP-1B were tested and 
are shown in Table 31. 
Table 31. PTP-1B inhibitory activity of compounds 1–66 
Compound IC50 (μM) Compound IC50 (μM) Compound IC50 (μM) 
1 > 50 23 > 50 45 > 50 
2 > 50 24 > 50 46 26.6 ± 8.5 
3 > 50 25 > 50 47 20.5 ± 4.9 
4 > 50 26 > 50 48 9.4 ± 1.4 
5 7.7 ± 1.2 27 > 50 49 18.2 ± 3.7 
6 10.2 ± 2.3 28 > 50 50 > 50 
7 20.3 ± 3.8 29 > 50 51 > 50 
8 2.0 ± 0.4 30 > 50 52 44.5 ± 9.7 
9 25.2 ± 4.3 31 > 50 53 25.2 ± 5.6 
10 17.2 ± 4.2 32 > 50 54 > 50 
11 7.2 ± 1.5 33 > 50 55 > 50 
12 11.4 ± 0.9 34 > 50 56 19.8 ± 3.1 
13 11.9 ± 3.8 35 > 50 57 > 50 
14 > 50 36 > 50 58 12.3 ± 2.7 
15 > 50 37 > 50 59 > 50 
16 > 50 38 > 50 60 10.3 ± 2.5 
17 > 50 39 > 50 61 > 50 
18 > 50 40 > 50 62 36.0 ± 6.5 
19 > 50 41 > 50 63 > 50 
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20 > 50 42 > 50 64 46.3 ± 9.5 
21 > 50 43 > 50 65 > 50 
22 > 50 44 > 50 66 > 50 
Oleanolic acid (positive control): 12.0 ± 3.4 μM 
*All the assays were conducted in triplicate.  
*IC50 values represent means ± standard deviation. 
Among hydrolysable tannins (1-49), 1,2,3,4,6-penta-O-galloyl-β-D-glucose (8, 
IC50 2.0 μM) showed most potent inhibitory activity. These results showed that the 
inhibitory activities of ellagic acid rhamnosides (9–11, and 26) and cinnamoyl-
containing gallotannins (12, 13, 16, and 17) were enhanced with the increase of a 
free galloyl unit. Mono-, di-, and tri- galloyl glucose (1, 14, 15, and 31-33) did not 
exhibit inhibitory activity, but tetra- and penta- galloyl glucose (5, 6, and 8) showed 
significant inhibitory activities (IC50 10.2–2.0 μM). Simple gallic acid esters (27, 28, 
and 38), monogalloyl shikimic acid (29 and 30), and simple phenolic acid (34-37, 
39, and 40) had no inhibitory activities (IC50 >50 μM). Except compound 7, all of 
the ellagitannins (42-45) and the chebulic ellagitannins (3, 4, 18-25, and 41) did not 
exhibit inhibitory activity. Compound 46–49, with bulky a gallagyl (46–48) or 
flavogallonyl unit (49), showed inhibitory activity (IC50 26.6-9.4 μM). 
The inhibitory activity against PTP-1B of seventeen triterpene derivatives (50-66) 
were also evaluated. Among them, some of triterpene derivatives (52, 53, 56, 58, 
60, 62, and 64) showed inhibitory activities against PTP-1B. Generally, triterpenes 
which have 28-O-β-D-glucopyranosyl ester unit (51, 54, 55, 57, 59, 63, 65, and 66) 
showed no inhibitory activity (IC50 > 50 μM). Except compound 52 and 53, 
arjungenin (2α,3β,19α,23-tetrahydroxyolean-12-en-28-oic acid) type compounds 
showed no inhibitory activity. Compound 52 and 53, 23-O-4′-epi-
neochebuloylarjungenin and 23-O-galloylarjunic acid, respectively, exhibited 
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moderate inhibitory activity (IC50 44.5 and 25.2 μM, respectively). Three oleanolic 
acid type triterpenes (56, 62, and 64) also showed moderate inhibitory activity 
(IC50 19.8, 36.0, and 46.3 μM, respectively). Especially, arjunolic acid (2α,3β,23-
trihydroxyolean-12-en-28-oic acid) and 23-O-galloylarjunolic acid showed high 
inhibitory activity (IC50 12.3 and 10.3 μM, respectively). Oleanolic acid, the 
positive control used in this study, showed PTP-1B inhibitory activities with IC50 
values 12.0 ± 3.4 μM, which was analogous to previous studies (Ramirez-Espinosa 
et al., 2014). 
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IV. Conclusion 
1. In order to isolate the new inhibitory compounds against α-glucosidase 
efficiently, HPLC-based activity profiling with dereplication approach was 
used. 
2. Targeted isolation of thirteen hydrolysable tannins (1-13) from T. chebula 
fruits was performed by HPLC-based activity profiling. Among them, four 
compounds, 6′-O-methyl neochebulagate (3), 4-O-(2′′,4′′-di-O-galloyl-α-L-
rhamnosyl)ellagic acid (11), 1,2,3,6-tetra-O-galloyl-4-O-cinnamoyl-β-D-
glucose (12), and 1,2,3-tri-O-galloyl-6-O-cinnamoyl-β-D-glucose (13), 
were reported for the first time from nature. 
3. Evaluation of inhibitory activity of thirteen compounds against Baker’s 
yeast α-glucosidase showed that compound 4-13 which was from active 
microfractions had inhibitory activities. Based on these results, it is 
confirmed that the HPLC-based activity profiling is an effective method 
for tracking targeted bioactive compounds.   
4. In addition, in order to investigate on constituents of T. chebula, further 
isolation was performed. As a results, fifty-three compounds including 
thirty-six hydrolysable tannins (14-49) and seventeen 
polyhydroxytriterpenes (50-66) were isolated from MeOH extract of T. 
chebula fruits. Among them, eight compounds, methyl chebulagate (18), 
1′-O-methyl neochebulanin (20), dimethyl neochebulinate (21), dimethyl 
neochebulagate (23), dimethyl 4′-epi-neochebulagate (24), 23-O-
neochebuloylarjungenin 28-O-β-D-glucopyranosyl ester (51), 23-O-4′-epi-
neochebuloylarjungenin (52), and 23-O-galloylpinfaenoic acid 28-O-β-D-
glucopyranosyl ester (66) were newly reported from nature. 
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5. Structure elucidation of twelve new compounds was performed by 
spectroscopic data including NMR, HRMS, UV, and CD spectra and 
hydrolysis. 
6. Among these isolated compounds, twenty-four compounds (4-13, 16-18, 
22, 25, 43-49, 60, and 61) showed Baker’s yeast α-glucosidase inhibitory 
activity. Especially, Compound 11 and 12 showed most potent inhibitory 
activity. 
7. Only compound 8 exhibited potent inhibitory activity against rat intestinal 
α-glucosidase and porcine pancreatic α-amylase compared to positive 
control, acarbose. 
8. In the case of PTP-1B, twenty compounds (5-13, 46-49, 52, 53, 56, 58, 60, 
62, and 64) showed inhibitory activity. Among hydrolysable tannins, 
compound 8 showed the most potent inhibitory activity. And compound 60 
was the most active compounds among triterpenes. 
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국문초록 
가자나무 (Terminalia chebula Retz.)는 사군자과 (Combretaceae) 
식물로써 주로 인도, 동남아시아, 중국남부 등에 분포하고 있다. 
오래전부터 말린 가자나무의 열매는 약재로 사용되어 왔으며, 완하, 
강장, 건위, 지혈, 항 말라리아 등 다양한 목적으로 사용되어 왔다. 
이러한 특성으로 인해 가자나무 열매의 화학적 성분은 오랜기간 
연구되어 왔으며, 지금까지 hydrolysable tannin, phenolic acid, 
triterpene, flavonoid, lignan과 그 배당체를 포함한 약 150여종의 
다양한 성분들이 분리, 보고되어 있다.  
천연물은 오랜기간 신약의 보고로 활용되어 왔으며 그 중요성은 
현재에도 널리 인정받고 있다. 하지만 천연물의 연구 방법 중 가장 널리 
사용되는 bioactivity-guided isolation 기법은 비용과 시간, 노동력이 
많이 소모되며 기존에 분리 보고 된 화합물을 다시 분리할 수도 있는 
단점을 가지고 있다. 이러한 단점을 보완하기 위해 많은 연구들이 
진행되었는데, 그 중 HPLC를 이용하여 활성 추출물 및 분획물을 96 
well plate에 직접 fractionation하고 이에 대한 활성 평가를 통해 
간단하게 활성 물질을 확인할 수 있는 HPLC-based activity profiling 
기법이 주목을 받고 있다. 또한 이 기법은 HRMS, NMR 등의 고해상도 
기기를 이용한 dereplication법을 쉽게 적용할 수 있어, 기존에 분리된 
물질과 신규화합물의 여부를 확인할 수 있다. 본 연구에서는 HPLC-
based activity profiling과 dereplication법을 이용하여 Baker’s yeast 
α-glucosidase에 대한 억제 활성이 있는 물질을 규명해 보았다.  
가자나무 열매의 메탄올 추출물 및 n-hexane, CHCl3, n-BuOH, 물 
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분획물을 대상으로 각각 α-glucosidase 억제 활성을 평가하였으며, 그 
결과 n-BuOH층의 활성이 가장 뛰어나다는 것을 확인하였다. 또한 n-
BuOH 층을 HP-20 diaion resin을 이용하여 추가로 네 가지 분획 (B1-
B4)으로 나누었고 이에 대해 Baker’s yeast α-glucosidase 억제 
활성을 평가한 결과 B2, B3 분획이 가장 억제 활성이 뛰어나다는 것을 
확인할 수 있었다. 그러므로 B2, B3분획을 대상으로 HPLC-based 
activity profiling 기법과 derelication법을 이용하여 Baker’s yeast α-
glucosidase 억제 물질의 규명을 시도하였다. 그 결과 총 13종의 
화합물을 분리하였으며, 이 중 6′-O-methyl neochebulagate (3), 4-O-
(2′′,4′′-di-O-galloyl-α-L-rhamnosyl)ellagic acid (11), 1,2,3,6-tetra-
O-galloyl-4-O-cinnamoyl-β-D-glucose (12), 1,2,3-tri-O-galloyl-6-
O-cinnamoyl-β-D-glucose (13)의 4종의 신규화합물을 분리할 수 
있었다. 또한 13종의 화합물에 대하여 Baker’s yeast α-glucosidase 
억제 활성을 평가한 결과, 화합물 1-3을 제외한 화합물 4-13 에서 모두 
억제활성이 확인 되었고, 그 중 신규화합물인 화합물 11 (IC50 6.4 μM), 
12 (IC50 2.9 μM)이 가장 뛰어난 억제 활성을 보였다. 이를 통해 HPLC-
based activity profiling기법과 derepliation 법의 활용이, 신규 활성 
물질 탐색에 효과적임을 확인할 수 있었다.  
또한 추가적인 가자열매의 성분연구를 위해 추가적으로 분리를 진행한 
결과, 기존에 분리된 13종의 물질을 포함하여 hydrolysable tannin 계열 
물질 49종과 polyhydroxytriterpene 계열 물질 17종, 총 66종의 
물질을 분리하였고, 이 중 hydrolysable tannin 계열에서 9종, 
triterpene 계열에서 3종의 신규 화합물을 분리하였다. 이는 1D and 2D 
NMR (1H, 13C, 1H-1H COSY, edited-HSQC, HMBC, ROESY)과 
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가수분해, CD spectrum 측정을 통해 각각 6′-O-methyl 
neochebulagate (3), 4-O-(2′′,4′′-di-O-galloyl-α-L-rhamnosyl)ellagic 
acid (11), 1,2,3,6-tetra-O-galloyl-4-O-cinnamoyl-β-D-glucose (12), 
1,2,3-tri-O-galloyl-6-O-cinnamoyl-β-D-glucose (13) methyl 
chebulagate (18), 1′-O-methyl neochebulanin (21), dimethyl 
noechebulinate (22), dimethyl neochebulagate (23), dimethyl 4′-epi-
neochebulagate (24) (hydrolysable tannin 계열), 23-O-
neochebuloylarjungenin 28-O-β-D-glucopyranosyl ester (51), 23-O-
4′-epi-neochebuloylarjungenin (52), 23-O-galloylpinpaenoic acid 
28-O-β-D-glucopyranosyl ester (66) (triterpene 계열)로 확인하였다. 
이 중 화합물 24, 52는 neochebulic acid (37)에서 나온 4′-epi-
neochebuloyl기를 분자 내 포함하는 구조로 자연계에서 매우 드물게 
발견되는 구조이다. 
분리된 화합물을 대상으로 Baker’s yeast α-glucosidase에 대한 억제 
활성을 평가한 결과 hydrolysable tannin 계열에서 21종 (4, 5, 6, 8, 9, 
10, 11, 12, 13, 16, 17, 18, 22, 25, 43, 44, 45, 46, 47, 48, 49)의 물질이, 
triterpene 계열에서 2종 (60, 61)의 물질이 억제 활성이 있는 것으로 
확인되었으며, 앞선 HPLC-based activity profiling의 결과와 
마찬가지로 화합물 11, 12가 가장 뛰어난 억제 활성을 보였다. 그리고 
11, 12번 화합물에 대하여 억제 모드를 결정하기 위해 Lineweaver-
Burk double-reciprocal plot을 이용하여 분석한 결과 두 화합물 모두 
Mixed inhibition mode를 가지는 것으로 확인되었다.  
또한 분리된 화합물을 대상으로 추가적으로 rat intestinal α-
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glucosidase, porcine pancreatic α-amylase, protein-tyrosine 
phosphatase 1B (PTP-1B)에 대하여 억제 활성을 확인하였다. 이 중, 
rat intestinal α-glucosidase, porcine pancreatic α-amylase에 
대해서는 양성대조군인 acarbose에 비하여 1,2,3,4,6-penta-O-galloyl-
β-D-glucose (8) 만이 억제 활성을 나타내었다. PTP-1B에 대해서는 
화합물 5, 6, 8, 11, 12, 13, 48, 49, 53, 56, 58, 60이 IC50 20 μM 이하의 
값을 가지는 것으로 확인되었다. 
 
주요어: 가자나무, 사군자과, hydrolysable tannin, 
polyhydroxytriterpene, HPLC-based activity profiling, α-glucosidase 
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